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PEBFAOE  TO  REVISED  EDITION. 


Twelve  years  have  elapsed  aince  the  Ame- 
rican edition  of  "Familiar  Science"  was  first 
presented  to  the  public.  The  advancement  of 
every  branch  of  knowledge  during  this  period 
has  reiidered  a  revised  edition  a  necessity. 

The  editor  has,  however,  retained  all  the  oIJ 
text,  except  some  portions  which  might  be 
deemed  superfluous.  ,  A  large  amount  of  addi- 
tional matter — the  results  of  recent  investiga- 
tions and  discoveries — ^haa  been  introduced  in 
the  present  edition.  This  work  has  been  libe- 
rally patronized,  both  by  teachers  and  beads  of 
families, — more  than  one  hundred  and  twenty 
thousand  copies  having  been  sold.  The  editor 
entertains  the  hope  that  the  present  edition  will 
he  received  with  equal  favor. 

The  valuable  little  work  of  Professor  ^eppeb, 
entitled  "Scientific  Amusements,"  has  been 
ftdded  as  an  Appendix  to  the  woik. 
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PREFACE. 


A  PAET  of  the  following  work  is  from  the  pen  of  the 
Bev.  Dr.  Brewer,  of  Trinity  Hall,  Cambridge,  also  Head 
Master  of  King's  College  School,  Norwich,  in  union  with 
King's  College,  London.  It  contains  much  useful  as  well 
aa  practical  scientific  knuwledge  in  a  very  popular  and 
entertaiiiing  form. 

The  work,  however,  as  it  emanated  from  the  English 
press  was  not  only  in  many  points  unsuitfld  to  the  Ame- 
rican pupil,  but  was  exceedingly  deficient  in  its  arrange- 
ment.  The  editor  has  endeavored  to  remedy  these  defects 
by  making  many  additions,  as  well  as  by  altering  those 
parts  which  were  purely  applicable  to  Great  Britain,  and 
adapting  the  whole  to  our  own  country.  As  to  the  ar- 
rangement, he  feels  confident  it  will  be  the  means  of 
facilitating  the  acquirement  of  the  great  amount  of  use- 
ful information  embodied  in  the  work,  and  also  of  classi- 
fying in  the  mind  of  the  pupi!  the  different  branches  of 
which  it  treats. 

"No  science  is  more  generally  interesting  than  that 
which  explains  the  common  phenomena  of  life.  We  see 
that  salt  and  snow  are  both  white,  a  rose  red,  leaves 
green,  and  the  violet  a  deep  purple;  but  how  few  per- 
sons ever  ask  the  reason  why  I     We  know  that  ft  fluta 
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PREFACE.  V 

produces  a,  jnusical  sound,  and  a  cracked  bell  a  discord- 
ant one, — that  fire  is  liot,  ice  cold,  and  a  candle  lumi- 
nous,— that  water  boils  when  subjected  to  heat,  and 
freezes  from  cold ;  but  when  a  child  looks  up  into  our 
face  and  asks  us  'whj?'  how  many  times  is  it  silenced 
with  a  frown,  or  called  'very  foolish  for  a&king  such  silly 
questions'  !"* 

This  book,  intended  for  the  use  of  families  and  schools, 
explains  about  two  thousaml  of  theso  questions,  and  is 
written  in  language  so  plain  as  to  be  understood  by  all. 
Care  haa  been  taken,  however,  in  the  endeavor  to  render 
it  intelligible  to  the  young,  to  avoid  that  childish  sim- 
plicity which  might  he  unaceeptahle  to  those  of  riper 

A  veryfuU  index  is  appended  to  the  work,  to  facilitate 
the  pupil's  researches. 

In  the  Preface  to  the  English  edition,  already  men- 
tioned, there  is  an  anecdote  related  which  is  so  appro- 
priate that  it  is  here  given  in  full : — 

"  A  remarkable  instance  came  before  the  author  a  few 
months  since  of  the  statement  made  in  the  early  part  of 
this  Preface  The  conversation  was  about  smoke,— why 
It  was  bhck,  and  not  white  like  the  fine  dust  of  lime.  A 
httlf  child  who  was  present  asked,  'Why  is  the  kettle 
su  black  with  smoke ''  Her  papa  answered,  '  Because  it 
hgi^  been  on  the  fire  '  'But,'  urged  the  child,  'what  is 
the  p,o->d  cf  its  being  black?'  The  gentleman  replied, 
'Silly  child,  you  a&k  very  foolish  questions:  sit  down, 
and  hold  jour  tongue  '  " 

Information  of  that  description  is  just  whaC  children 

«  Dr.  Browor'a  Prefiuie. 
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love  to  gain,  and  what  many  older  persons,  who  are  even 
tolerably  well  informed,  are  not  competent  to  give. 

The  editor  trusts  his  book  may  prove  an  interesting 
and  useful  companion  to  both  old  and  young,  either  in 
the  family  circle  or  in  the  school-room. 

Twenty-five  thousand  copies  of  the  English  edition  of 
the  above  work  were  sold  in  London  in  less  than  two 


Tlie  following  is  extracted  from,  a  iMer  received  hi/  the 

Editor  from  the  Rev.  Dr.  Brmner. 
"Robert  E.  Peterson,  Esq. 

"  Dear  Sir  r— I  have  received  the  American  edition  of 
my  Guide  to  Familiar  Science,  and  think  it  very  hand- 
somely printed  and  akilfvlli/  rearranged.  I  shall  esteem 
it  an  honor  to  give  my  full  consent  to  your  expressing 
my  approbation  of  your  edition  of  my  Familiar  Science, 
and  I  thank  you  for  the  kindness  in  having  sent  me  a 
copy. 


"  Yours  truly, 
"  E.  C.  Bre-wer. 
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PART  I. 

HEAT. 

CHAPTER  I.— THE    SUK. 

ISEOTIOK  I.-THE  StTJf  THE  PEIMAKT  SOUKCE  OF  HEAT. 

I.  What  is  heat? 

A.  That  invisible  agent  which  produces 
the  sensation  of  warmth. 

2t  Is  that  invisible  agent  known  hy  any  other  niime 
than  heat  ? 

A.  Yes  :  it  is  called  Caloric. 

St  What  is  the  principal  source  of  heat? 

A.  The  Sun  is  an  inexhaustible  source  of 
heat. 

4i  Does  tho  heat  of  the  Sun  possess  any  properties 
different  from  those  of  artificial  heat  ? 

A.  The  heat  of  the  Sun  passes  readily- 
through  glass,  whereas  this  property  is  pos- 
sessed by  artificial  heat  in  a  small  degree 

SECTION  n,-OALOB,ia 
5i  How  is  the  sensation  of  heat  produced  ? 
A.   When    we   touch   a  substance   hotter 
than  ourselves,  a  subtle  invisible  stream  Hows 
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from  tlifi  hotter  substance,  and  produces  on 
our  nerves  the  sensation  of  warmth, 

6>  What  is  that,  "subtle  invisible  Btream"  called, 
which  flows  from  the  hotter  substance  f 

A.  Caloric.   Caloric,  therefore,  is  the  agent 

which  produces  the  sensation  of  warmth; 
but  the  sensation  itself  is  called  Heat. 

7t  Is  calorie  equally  distributed  oyer  the  globe  ? 

A,  No: 'at  the  equator  the  average  tempe> 
fature  is  82J°,  while  at  tlio  poles  it  is  l*- 
lieved  to  be  about  13°  below  zero. 

"Aiernge  Tempcratare,"  tlie  laeor  or  meiliiiiD  temperature. 
"Zebo,"  Ihe  point  from  which  a  thermometer  is  graduated. 


CIJ\PTER  II.— ELECTRICITY  A   SOURCE 
OF   HEAT. 

SECTIOir  I.-ELEOTEIOITY  PSODUCED  BT  PRICnOS. 

8i  Was  electricity  koowti  to  the  aneients? 

A.  Yes :  they  knew  that  when  amber  (th*i 
Greek  word  for  which  is  ri^xrpoi' — electron) 
is  rubbed,  it  acquires  the  property  of  a+iract- 
ing  other  bodies. 

9.  Do  all  bodies,  when  riibhed,  acquire  this  kind  of 
Kttiaction  ? 

A.  They  do  not.  Glass,  silk,  wax,  dry 
paper,  hair,  wool,  and  many  other  substances 
rolled  non-conductors,  possess  this  property. 
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10.  Why  are  glass,  silk,  w:,x,  ic,  called  uon-egn- 
ductora  ? 

A.  Because  electricity  does  not  pass  through 
them  freely, 

11.  Through  what  bodies  does  electvicity  pass  readily! 
A.  Through  metals,  plants,  animals,  liquids, 

and  many  other  substances,  called  conductors. 

12.  Why  aro  these  substances  called  conductors? 
A.  Because    they  conduct    the  electricity 

from  one  body  to  another. 

13.  Why  is  electricity  excited  hy  friction  ? 

A.  Electricity,  like  heat,  exists  in  all 
matter ;  but  it  is  often  in  a  latent  state : 
friction  disturbs  it,  and  brings  it  into  active 
operation, 

•'lale»l,"  hidden,  ootioealed. 

14.  How  may  large  quantities  of  electricity  be  du- 
veloped  by  friction  ? 

A.  By  the  rapid  escape  of  steam  through 
a  small  orifice.  The  friction  of  the  con- 
densed particles  of  water  driven  out  by  tlip 
steam  is  a  powerful  source  of  electricity. 

It  is  on  thia  prinniplc  that  Sir  Charles  Armstrniie  eoustnictcd  tht 
Hjdro-Elootrio  machine,  whieh  develups  eleotricif}'  in  enormous 
qnantilies. 

15i  When  you  rub  a  piece  of  paper  with  Indiaii 
rubber,  why  does  it  often  adhere  to  the  table? 

A.    Because    the    friction    of   the    Indiaii 

rubber  against  the  surface  of  the  paper  de- 
velops  electricity,  to  which  tiiis  adhesive- 
ness is  mainly  to  be  attrlbntf-d. 
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12  ELECTRICITY. 

16i  If  you  dry  a  piece  of  common  brown  paper  bj 
the  fire,  and  draw  it  once  or  twice  aercss  a  piece  of 
woollen  cloth,  why  will  it  stick  fast  to  the  wall  ? 

A.  Because  the  friction  develops  electri- 
city on  the  paper,  which  manifests  itself  by 
this  property  of  adhesion. 

I7t  When  a  glazier  is  mending  a  window  and  cleans 
the  pane  with  his  brush,  why  do  the  loose  pieces  of 
putty  on  the  opposite  side  of  the  window-pane  frequently 
dance  up  and  down  ? 

A.  Electricity  is  excited  on  both  sides  of 
the  glass  by  the  friction  of  tlie  brush ;  and 
as  soon  as  the  fragments  of  putty  touch  the 
excited  part  of  the  glass  they  become  chai^d 
with  electricity  and  fall  on  the  wooden  ledge, 
which,  being  a  conductor,  deprives  them  of 
their  electricity;  then  they  fly  up  again  to 
receive  a  fresh  charge,  which  process  being 
often  repeated  causes  the  commotion  in  the 
pieces  of  putty  referred  to  in  the  question. 

I8i  Why  does  brushing  the  hair  for  a  long  time  fre- 
quently make  the  head  itch? 

A.  1st.  Because  the  friction  of  the  hair- 
brush excites  electricity  in  the  hair,  which 
thus  becomes  overcharged  and  irritates  the 
skin;  and, 

2d.  The  hair-brush  excites  increased  action 
in  the  vessels  and  nerves  of  the  scalp,  pro- 
ducing a  slight  degree  of  inflammation,  which 
is  indicated  by  a  sensation  of  itching. 

ISi  Does  electricity  proscut  any  appearance  by  which 
it  can  be  known? 
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A.  No :  electricity,  like  heat,  is  in  itself 
invisible ;  though  often  aceompanied  by  both 
light  and  heat. 

2ft   Is  electricity  aceompanied  by  any  odor? 

A.  Yes :  near  a  large  electrical  machine  in 
good  action  there  is  always  a  peculiar  odor, 
resembling  that  of  sulphur  and  phosphorus. 
This  odor  is  called  "  Ozone,"  generated  by  the 
■action  of  lightning  on  the  oxygen  of  the  air. 

31i  Has  thia  pecnliar  odor  called  "Ozone"  been  ob- 
served in  thunder-storms  ? 

A.  Yes :  sometimes  the  sulphurous  odor 
prevails,  and  sometimes  the  phosphoric. 

22.  Why  nre  there  different  colors  in  the  Aurora 
Borealis,  such  as  whit«,  yeilow,  red,  and  purple? 

A,  Because  the  electric  fluid  passes  through 
air  of  difl'erent  densities.  The  most  rareiied 
air  produces  a  white  light;  the  most  dry  air, 
red;  and  the  most  damp  produces  yellow 
streaks. 

SECTION  n,-LIQHTNIKG. 

23,  What  is  lightning? 

A.  Lightning  is  accumulated  electricity 
discharged  from  the  clouds. 

21i  W^hat  produces  electricity  in  the  clouds  ? 

A.  1st.  The  evaporation  from  the  earth's 
surface ; 

2d.  The  chemical  changes  which  tako 
place  on  the  earth's  surface  ;  and. 


,y  Google 


14  ELECTRICITV. 

3d.  Currents  of  air  of  unequal  tempera 

ture,  which  excite  electricity  by  friction,  aa 
they  come  in  contact  with  eiich  other. 

25.  What  causes  the  discharge  of  an  electric  cloud  ? 

A.  When  a  cloud  overcharged  with  elec- 
tric fluid  approaches  another  which  is  under- 
charged, the  iluid  rushes  from  the  former 
into  the  latter,  till  both  contain  the  same 
quantity. 

There  are  two  kinds  of  Electricity,— nne  Vllreiras,  the  other  Reain- 
ons:  more  frequently  called  Poaitive  and  Nesative  BiBctricity. 

26.  Is  there  any  other  cause  of  hglitning  besides 
the  one  just  mentioned  ? 

A.  Yes.:  sometimes  mountains,  trees,  and 
steeples  will  discharge  the  lightning  from  a 
cloud  floating  near;  and  sometimes  electric 
fluid  rushes  out  of  the  earth  into  the  clouds. 

27.  How   high    ui-c    the    lightning-clouds    from    the 

A.  Sometimes  they  are  four  or  five  miles 
high;  and  sometimes  they  actually  touch 
the  earth  with  one  of  their  edges ;  but  they 
are  rarely  discharged  in  a  thunder-storm 
when  they  are  more  than  seven  hundred 
yards  above  the  surface  of  the  earth, 

28.  How  high  are  the  clouds,  generally  ? 

A.  In  a  fine  day,  the  clouds  are  often  four 
or  five  miles  above  our  heads;  but  the  ave- 
rage height  of  the  clouds  is  from  one  and  a 
half  to  two  miles. 
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29.  Why  is  Hgbtning  sometimes  forked  ? 

A.  Because  the  lightning-cloud  is  at  a 
great  distance ;  and  the  resistance  of  the  air 
is  so  great  that  the  electrical  current  is 
diverted  into  a  zigzag  course. 

SOi  How  does  the  reaistance  of  the  air  make  th« 
lif-htningzi-Bag? 

A.  As  the  lightning  condenses  the  air  in 
the  immediate  advance  of  its  path,  it  flies 
from  side  to  side,  in  order  to  pass  where 
there  is  the  least  resistance. 

SL  "WTiy  are  there  sometimes  two  flashes  of  forked 
lightning  at  the  same  moment  ? 

A.  Because  (in  very  severe  storms)  the 
flash  divides  into  two  or  more  parts,  each 
of  which  assumes  the  zigzag  form, 

32i  Why  is  the  flash  sometimes  quite  straight? 

A.  Because  the  lightning-cloud  is  near  the 
earth;  and,  as  the  flash  meets  with  very 
little  resistance,  it  is  not  diverted :  in  other 
words,  the  flash  is  straight. 

gS.  What  19  sheet-lightiiiDg? 

A.  Either  the  reflection  of  distant  flashes 
not  distinctly  visible,  or  beneath  the  horizon; 
or  else  several  flashes  intermingled. 

31.  What  other  form  does  lightning  oocasionallj 
assume  ? 

A.  Sometimes  the  flash  is  globular;  which 
is  the  most  dangerous  form  of  lightning. 
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35i  Why  is  a  flash  of  lightning  generally  followed  hj 
pouring  raia  ? 

A.  The  Hash  produces  a  change  in  the 
physical  condition  of  the  air,  rendering  it 
unable  to  hold  as  much  water  in  solution  as 
it  could  before ;  in  consequence  of  which,  a 
part  is  given  off  in  heavy  rain. 

36i  Why  is  a  flash  of  lightning  generally  followed  by 
a  gust  of  wind  ? 

A.  Because  the  physical  condition  of  the 
air  is  disturbed  by  the  passage  of  the  lights 
ning,  and  wind  is  the  result  of  this  dis- 
turbance. 

37.  Why  is  there  no  thunder  to  what  is  called  sum- 
mer-lightning ? 

A.  Because  the  lightning-clouds  are  so  far 
distant  that  the  sound  of  the  thunder  is  lost 
before  it  reaches  the  ear. 

38.  When  lightning  flashes  from  the  earth  to  the 
clouds,  what  is  the  flash  called  ? 

A.  It  is  popularly  called  the  "returning 
stroke,"  because  the  earth,  being  overcharged 
with  electric  fluid,  returns  the  surplus  quan- 
tity to  the  clouds. 

39.  Why  is  lightning  more  common  in  summer  and 
autumn  than  in  spring  and  winter  ? 

A.  Because  the  heat  of  summer  and  autumn 
produces  great  evaporation,  and  the  conver- 
sion of  water  into  vapor  always  develops 
electricitv. 
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40.  Why  is  a  tree  sometimes  scorched  by  lightning, 
as  if  it  had  been  set  on  fire? 

A.  The  electric  fluid  scorches  by  its  own 
positive  heat. 

41i  When  does  lightning  pass  from  the  earth  to  the 
clouds  ? 

A.  When  the  clouds  are  in  a  "negative' 
state  of  electricity. 


A.  When  the  clouds  are  in  a  "  positive" 

state  of  electricity. 

J3i  What  is  meant  by  the  clouds  being  in  a  "  positive 
Blate  of  electricity"  ? 

A.  When  the  clouds  contain  more  electric 
fluid  than  they  generally  do,  they  are  said  to 
be  in  a  "  positive  state  of  electricity." 

41>  What  is  meant  by  the  clouds  being  in  a  "  negative 
Bfate  of  electricity"  ? 

A.  When  the  clouds  contain  less  electric 
fluid  than  they  generally  do,  they  are  said  to 
be  in  a  "negative  state  of  electricity." 

45i  Does  the  flash  proceed  from  a  negative  or  a  positive 
body '! 

A.  Always  from  a  positive  body ;  that  ie, 
from  one  overcharged  with  electric  fluid. 
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§  I.— DANGER   FROM   LIGHTNING. 

46.  Why  does  lightning  sometimes  kill  men  and 
beasts? 

A.  Because,  when  the  electric  current  passes 
through  a  man  or  beast,  it  produces  so  violent 
{in  action  upon  the  nerves  that  it  destroys 
life. 

47.  When  is  a  person  struck  dead  hy  lightning? 

A.  Only  when  his  body  forms  a  part  of  the 
lightning's  path ;  that  is,  when  the  electric 
fluid  (in  its  way  to  the  earth)  actually  passes 
through  his  body. 

48.  Why  are  persons  sometimes  maimed  by  lightning? 

A.  Because  the  electric  fluid  produces  an 
action  upon  the  nerves  sufficient  to  injure 
them,  but  not  to  destroy  life. 


49t  Iiightning  sometimes  assumes  the  appearance  of 
balls  of  fire  which  fall  t«  the  earth :  what  are  they  ? 

A,  Masses  of  explosive  gas  formed  in  the 
air :  they  generally  move  more  slowly  than 
the  ordinary  lightning. 

50.  Why  are  these  balls  of  fire  very  dangerous? 

A.  Because,  when  they  fall,  they  explode 
like  a  cannon,  and  occasion  much  mischief. 

51,  Do  these  balls  of  fire  ever  run  along  the  ground? 

A.  Yes :  sometimes  they  run  a  consider- 
able distance  along  the  ground,  and  explode 
in  a  mass. 
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At  other  times  they  spHt  into  numerous 
smaller  balls,  each  of  which  explodes  in  a 
similar  manner. 

52>  What  mischief  do  these  balls  of  five  produce  ? 

A.  They  set  fire  to  houses  and  bams,  and 
kill  all  cattle  and  human  beings  that  hap- 
pen to  be  in  their  course. 

53.  What  places  are  most  dangerous  during  a  thunder- 
storm? 

A.  It  is  very  dangerous  to  be  near  a  tree  or 
lofty  building,  and  also  to  be  near  a  river  or 
any  running  water. 

54i  Why  is  it  dangerous  to  be  near  a  tree  or  lofty 
building  during  a  thunder-storm  ? 

A.  Because  a  tall  pointed  object  (like  a  tree 
or  spire)  will  frequently  discharge  a  lightning- 
cloud  ;  and,  if  any  one  were  standing  near, 
the  lightning  might  diverge  from  the  tree 
and  pass  through  the  fluids  of  the  human 
body. 

55.  How  can  a  tree  or  spire  discharge  a  lightniiig- 

A.  A  lightning-cloud  floating  over  a  plain 
may  be  too  far  ofi"  to  be  discharged,  but,  as  a 
tree  or  spire  would  shorten  this  distance,  it 
might  no  longer  be   too  far  off  to  be  dis- 


or  exnmple:  if  a  lighlning-clond  wera  saven  h 

undrad  yard«  aboro 

earth,  it  nould  bo  loo  far  off  10  be  diBohnrge 

:d;  bat  B  apLre  flrtj 

Is  higb  would  mnko  tho  clood  only  six  hnnd 

■rod  irnd  flfly  yar-ls 

cloud  might  ba  in. 

it  J  dbcbarged. 
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56.  WBat  parts  of  a  dwelling  are  most  dangerous 
during  a,  thunder-storm? 

A.  The  fireplace,  (especially  if  the  fire  be 

lighted,)  the  attics,  and  the  cellar.  It  is  also 
imprudent  to  sit  close  by  the  walls,  to  ring 
the  bell,  or  to  bar  the  shutters  during  a  thun- 
der-storm. 

57t  Why  is  it  dangerous  to  sit  before  a  fire  during  a 
thuuder-atorm.  ? 

A.  Because  the  heated  air  and  soot  are 
conductors  of  lightning,  especially  when  con- 
nected with  such  excellent  conductors  as  the 
stove  or  grate. 

58.  Why  are  attics  and  cellars  more  dangerous  in  a 
thunder-storm  than  the  middle  story  of  a  house  ? 

A.  Because  lightning  sometimes  passes  from 
the  clouds  to  the  earth,  and  sometimes  from 
the  earth  to  the  clouds :  in  either  case  the 
middle  story  would  be  the  safest  place. 

69.  Why  is  it  dangerous  to  lean  against  a  wall  during 
B  thunder-storm? 

A.  Because  the  electric  fluid  will  sometimes 
run  down  a  wall,  and  (as  a  man  is  a  better 
conductor  than  a  wall)  would  leave  the  wall 
and  run  down  the  man. 

60i  Why  is  it  dangerous  to  ring  a  bell  during  a  thun- 
der-storm ? 

A.  Bell-wire  is  an  excellent  conductor;  and 
if  a  person  were  to  touch  the  bell-handle,  the 
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electric  fluid,  passing  down  the  wire,  mighl 
run  through  his  hand  and  injure  it. 


A.  For  two  reasons : — 1st.  Because  a  mass 
of  people  forms  a  better  conductor  than  an 
individual;  and, 

2d.  Because  the  vapor  arising  from  a  crowd 
increases  its  conducting  power. 


A.  Because  vapor  is  a  conductor ;  and  the 
more  conductors  there  are  the  greater  the 
danger  will  be. 

63>  Why  is  a  theatre  dangerous  during  a  thunder- 
storm? 

A.  Because  the  vapor  arising  from  so  many 
living  bodies  is  an  excellent  conductor  of 
lightning. 

64i  If  a,  person  be  ahrcad  in  a  thunder-storm,  what 
place  is  the  safest  ? 

A.  Any  place  about  twenty  or  thirty  feet 
fr.im  a  tall  tree,  building,  or  stream  of  water. 

65i  Why  would  it  he  safe  to  stand  twenty  or  thirty 
feet  from  a  tall  tree  during  a  thunder-storm? 

A.  Because  the  tall  tree  is  a  conductor; 
and  we  should  not  be  sufficiently  near  the 
tree  for  the  lightning  to  diverge  from  it  to  us. 
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66i  If  a  persoQ  be  in  &  carriage  in  a  thunder-storm, 
in  what  way  can  he  travel  most  safely  ? 

A.  He  should  not  lean  against  the  carriage, 
but  should  sit  upright. 


A.  Because  theelectric fluid  might  rundown 
the  sides  of  the  carriage,  and,  if  a  person  were 
leaning  against  them,  would  make  a  choice 
of  him  for  a  conductor,  and  perhaps  destroy 

life. 

68t  Why  is  a  mattress,  bed,  or  hearth-rug  a  good 
security  against  injury  from  lightning? 

A,  Because  they  are  all  non-conductors ; 
and  lightning  always  makes  choice  of  the  best 
conductors. 

69i  Is  it  better  to  be  wet  or  dry  during  a  thunder- 
Btorm  ? 

A.  To  be  wet.  If  a  person  be  in  the  open 
field,  the  best  thing  he  can  do  is  to  stand 
about  twenty  feet  from  some  tree  and  get 
completely  drenched  to  the  skin. 

70t  Why  is  it  better  to  be  wet  than  dry  ? 

A.  Because  wet  clothes  form  a  better  con- 
ductor than  the  fluids  of  our  body;  and  there- 
fore lightning  would  more  readily  pass  down 
our  wet  clothes. 
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g  II. LIOnTSlNO-COKDUCTORS. 

7li  AVliat  is  a  lightning-conductor? 

A.  A  metal  rod  fixed  in  the  earth,  running 
up  the  whole  height  of  a  building  and  rising 
in  a  point  above  it. 

72.  What  metals  are  the  best  conductors  of  electricity  ? 
A.  Pure   silver  and  copper  are  the  best 

conductors  of  electricity;  hut  all  the  metals 
are  good  conductors. 

73.  What  is  the  use  of  a  lightning-conductor  ? 

A,  As  metal  is  a  most  excellent  conductor, 
lightning  (which  makes  choice  of  the  best 
conductors)  will  run  down  a  metal  rod  rather 
than  the  walls  of  the  building, 

74.  Why  should  lightning-conductors  bo  pointed  ? 
A.  Because  points  conduct  electricity  away 

silently  and  imperceptibly,  but  knobs  pro- 
duce an  explosion  which  would  endanger  the 
building. 

FoinU  empty  the  cIoikJb  of  e1ectrii;ity,  HCting  at  a  much  grentsr 
diitancs  tliuo  knobs:  thus,  a  Lejden-jar  of  considtraljle  she  may 
be  gafoly  and  silently  diaeharged  by  holdiDg  the  point  uf  a  needle  an 


75.  How  can  lightning-conductors  be  productive  of 

A.  If  the  rod  be  broken,  the  electric  fluid 

(being  obstructed  in  its  path)  will  damage  th» 
building. 
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76i  la  there  any  other  evil  to  be  apprehended  from  a 
lightning-rod  ? 

A.  Yea  :  if  the  rod  be  not  large  enough  to 
conduct  the  whole  current  to  the  earth,  the 
lightning  will  fuse  the  metal  and  injure  the 
building. 

77.  Why  are  boughs  of  trees  broken  offhy  lightning? 

A.  Because  the  mechanical  force  of  the 
lightning  is  very  great;  and,  as  the  boughs 
of  a  tree  often  impede  the  passage  of  the 
electric  fluid,  they  will  be  broken  off  by  this 
force. 

78i  Why  is  an  electric  shock  felt  most  at  the  elbow- 

A.  Because  the  path  of  thefluid  is  obstructed 
by  the  joint ;  and  the  shocl;:  felt  at  the  elbow 
is  caused  by  the  fluid  leaping  from  one  bone 
to  another. 

79.  Is  not  air  a  conductor  of  lightning? 

A.  No :  dry  air  is  not  a  conductor  of  light- 
ning. 

80.  Why  doea  lightning  part  the  air  through  w!ich  it 
passes  ?     It  doea  not  part  a  rod  of  iron. 

A.  As  iron  is  a  conductor,  it  allows  the 
fluid  to  pass  freely  through  it;  but  air  (being 
a  non-conductor)  resists  its  j. 


A.  It  runs  down  the  outside  of  a  tree,  but 
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parses  through  the  inside  of  a  man,  as  il 
always  chooses  the  best  conductors. 

82«  Wliat  effects  are  produced  when  electricity  strikei 
solid  imperl'cct  conductors  ? 

A.  It  rends  them  to  pieces  or  shatters  them 
into  fragments. 

83.  Give  an  example  of  these  effects  of  electrieitj. 

A.  Lightning  separates  the  air  with  greal 
force,  producing  the  crashing  noise  known  as 
thunder ;  it  breaks  glass  into  fragments  and 
rends  trees  into  splinters  when  it  passes 
through  any  of  these  bodies  on  its  way  to 
the  earth. 

84i  What  effect  is  produced  when  electricity  pasa«s 
through  good  conductora  ? 

A.  It  flows  along  gently  and  quietly,  and 
would  not  even  ruffle  a  feather  resting  upon 
them. 

85.  fiive  an  example  of  electricity  passing  through  t 
conductor. 

A.  It  will  pass  quietly  down  a  lightning- 
rod  and  enter  the  earth  unperceived,  because 
the  metallic  rod  is  a  good  conductor. 


§111. — EFFECTS   OF   LIGHTNINO. 

86.  What  are  fulgurites? 

A.  Hollow  tubes  produced  in  sandy  soils 
by  the  action  of  lightning. 
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87.  How  Oocs  lightning  produce  fulgurilos? 

A.  When  it  enters  the  earth  it  fuses  (that 
is,  melts)  the  flinty  matter  of  the  soil  into  a 
vitreous  (or  glassy)  substance,  called  a  ful- 
gurite. 

88t  Why  is  the  bark  of  a  tree  often  ripped  quite  off 
by  a  flash  of  lightning? 

A,  Because  the  latent  heat  of  the  tree 
(being  very  rapidly  developed  by  the  electric 
fluid)  forces  away  the  bark  in  its  imjietuosity 
to  escape. 

SoiuD  part  uf  tbis  is  probably  due  to  the  elmpla  mecbBnicol  farce  of 


A.  The  steeple  or  chimney  is  first  struck  : 
the  lightning  then  darts  to  the  iron  bars  and' 
clamps  employed  in  the  building,  and  (as  it 
darts  from  bar  to  bar)  shatters  to  atoms  the 
bricks  and  stones  which  oppose  its  pro- 
gress. 

ftOi  Why  does  the  lightning  fly  about  from  place  U 
place? 

A.  Because  it  always  takes  in  its  course 
the  best  conductors. 

91.  Why  does  lightning  turn  milk  sour? 

A.  Lightning  causes  the  gases  of  the  air 
through  which  it  passes  to  combine,  and  thus 
produces  a  poison,  called  nitric  acid,  some 
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small   portion    of  wnicn,   mixins'  with,   tne 
milk,  turns  it  sour.* 

92i  What  is  the  difference  between  combining  and 
toixiDg  1 

A.  When  different  ingredients  are  mingled 
together  without  undergoing  any  chemical 
change,  they  are  said  to  be  mixed;  but  when 
the  natural  properties  of  each  are  altered  by 
the  union,  then  those  ingredients  are  said  to 
be  combined. 

93.  Give  an  example. 

A.  Different-colored  sands  (shaken  together 
in  a  bottle)  will  mix,  but  not  combine ;  but 
water  poured  on  quicklime  will  combine  with 
the  lime,  and  not  mix  with  it. 

94.  Why  are  different  grains  of  sand  said  to  be  luixed 
when  thej  are  shaken  together  ? 

A.  Because  (though  mingled  together)  the 
property  of  each  grain  remains  the  same  as  it 
was  before. 

95.  Why  is  water,  poured  on  lime,  said  to  ccmhine 
with  it  ? 

A.  Because  the  properties  of  each  are 
altered  by  the  mixture :  the  lime  alters  the 


.her,  bnt  not  combined.  Osyeon,  combined  with  nitroKe". 
■B  deadly  poisons,  viz. :  Ditroua  oxido,  nitric  oxido,  bjpo- 
,  nitrous  noid,  and  nitrio  aaid,  according  to  tbe  proportioD 
IE  the  combinolion. 
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character  of  the  water,  and  the  water  that 
of  the  lime. 

96.  Do  oxygen  and  nitrogen  combine,  or  only  mix 
together,  in  atmospheric  air 't 

A.  They  only  mix  together,  as  grains  of 
sand  would  do  when  shaken  in  a  bottle. 
When  oxygen  and  nitrogen  combine,  they 
do  not  constitute  air,  but  acid  poisons. 

97t  Why  does  lightning  turn  beer  sonr,  although  con- 
tained in  a  close  cask  ? 

A.  Because,  if  beer  be  new  and  the  process 
of  fennentation  incomplete,  lightning  will  so 
accelerate  the  process  as  to  turn  the  sugar 
into  acetic  acid  at  once,  without  its  passing 
through  the  intermediate  state  of  alcohol. 

98.  Why  are  not  old  beer  and  strong  porter  made  sour 
by  lightning? 

A.  Because  the  fermentation  is  more  com- 
plete, and,  therefore,  is  less  affected  by  elec- 
trical influence. 

99.  Why  is  metal  sometimes  fused  by  lightning? 

A.  Because  the  dimension  of  the  metal 
is  too  small  to  afford  a  path  for  the  electric 
current. 

100.  Why  does  lightning  purify  the  air? 
A.  For  two  reasons  : — 

1st.  Because  the  electric  fluid  produces 
"nitric  acid"  in  its  passage  through  the  air; 
and. 
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2d.  Because  the  agitation  of  the  storm 
stirs  up  the  air. 

!ouio  portiou 

lOlt  How  does  the  uroduetion  of  nitric  acid  purify 
the  air  ? 

A.  Nitric  acid  acts  very  powerfully  in  de- 
stroying the  exhalations  which  arise  from 
putrid  vegetable  and  animal  matters. 

I02i  Does  not  lightning  sometimes  affect  the  charac- 
ter of  iron  and  steel  ? 

A.  Yes :  bars  of  iron  and  steel  are  some- 
times rendered  magnetic  by  lightning. 

I03i  Give  me  an  instance  of  the  magnetic  effects  of 
lightning. 

A.    Sometimes  it  will  reverse  the  needle 

of  the    magnet,  and   sometimes    destroy  its 
magnetism  altogether. 

101.  What  is  meant  hy  tho  magnetic  needle  being 
reversed  ? 

A.  That  part  of  the  needle  which  ought 
to  point  toward  the  north  is  made  to  point 
toward  the  south;  and  that  part  which 
ought  to  point  south  is  made  to  point  toward 
the  north. 

SECTIOIT  III,-THDHDES, 
105.  What  is  thunder? 
A.  The  noise  made  by  the  concussion  of 
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the  air  when  it  closes  again,  after  it  has  been 
separated  by  the  lightning-flash. 

A  part  of  tlio  noisa  is  owing  to  certain  phjaical  and  eliemiCBl 
changes  produced  in  the  air  by  the  electric  fluid. 

IO61  Why  is  thunder  sometimes  one  vast  crash? 

A.  Because  the  lightning-cloud  is  aear  the 
earth ;  and  as  all  the  vibrations  of  the  air 
(on  which  sound  depends)  reaeli  the  ear  at 
the  same  moment,  they  seem  liite  one  vast 
cnish, 

107i  Why  is  the  peal  sometimes  an  irregular,  hroketi 

A.  Because  the  lightning-cloud  is  at  a 
great  distance ;  and  as  some  of  the  vibra- 
tions of  the  air  have  much  farther  to  travel 
than  others,  they  reach  the  ear  at  different 
times,  and  produce  a  continuous  sound. 

IO81   Which  vibrations  will  be  soonest  heard  ? 

A.  Those  produced  in  the  lowest  portions 
of  the  air. 

109<  Why  will  those  vibrations  be  heard  first  which 
are  made  last? 

A.  Because  the  flash  (which  produces  the 
sound)  is  almost  instantaneous,  but  sound 
takes  a  whole  second  of  time  to  travel  three 
hundred  and  eighty  yards. 

llOi  If  a  thunder-cloud  were  one  thousand  nine  hun- 
dred yards  off,  how  long  would  the  peal  last  ? 

A.  Five  seconds  ;  we  should  first  hear  the 
vibrations  produced  in  those  portions  of  the 
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air  contiguous  to  the  earth  ;  then  those  moro 
remote ;  and  it  would  be  five  seconds  before 
those  vibrations  could  reach  us  which  were 
made  in  the  imrasdiatc  vicinity  of  the  cloud, 

3SnX5  =  1900. 

A  popular  method  of  telUax  hovr  far  off  a  storm  is,  is  this.     Tha 

moineatyon  see  the  flash,  putyoiii  hand  upon  your  pulse,  and  count' 

pulsations,  tho  etorm.  is  one  mile  olfj  if  Iwelve  pulsations,  it  is  two 
milos  oS;  and  so  on. 

nil  Why  is  thunder  somitimes  like  a  deep  gvowl? 
A.  Because  the  stor.-n  is  far  distant,  and 
the  sound  of  the  thundar  indistinct. 

112,  Is  not  tho  sound  ol"  thunder  affected  hy  looiil 
oircumsta,nce3  ? 

A.  Yes :  the  flatter  the  country  the  more 
unbroken  is  the  peal.  Mountnius  break  the 
peal  and  make.it  harsh  and  irregular. 

113.  What  is  the  cause  of  roHiny;  thunder? 

A.  The  vibrations  of  air  (having  different 
lengths  to  travel)  reach  the  ear  at  successiv<i 
intervals. 

Tho  levcrluTation  (or  fehi<)  aiuon^  iha  niai^Hivu  cluuda  eontrjhutes 
in  aomo  mtaauro  lo  this  affeut. 

Ill,  Do  thunderbolts  c¥or  ilmp  From  the  clouds  ? 

A.  No:  the  notion  of  thunderbolts  arises 
either  from  the  globular  fonu  which  lightning 
sometimes  assumes,  or  else  from  the  gaseous 
fire-balls  which  sometimes  fall  from  the 
clouds. 
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A.  Because  it  has  a  long  distance  to  travel. 
Lightning  travels  nearly  a  million  times 
faster  than  thunder :  if,  therefore,  the  thun- 
der is  very  distant,  the  sound  will  not  reach 
the  earth  till  a  considerable  time  after  the 
flash. 

II6>  Why  does  a  thunder-stomi  generally  follow  very 
dry  weather  ? 

A,  Because  dry  air  {being  a  non-conductor) 
will  not  relieve  the  clouds  of  their  electricity : 
therefore  the  fluid  accumulates,  till  the 
clouds  are  discharsed  in  a  storm. 


A.  Because  moist  air  or  falling  rain  (being 
a  conductor)  carries  down  the  electric  fluid 
gra,diially  and  silentl}'  to  the  earth, 

1I8>  What  kind  of  weather  generally  precedes  a 
thunder-storm  ? 

A.  It  is  generally  preceded  by  hot  wea- 
ther. 

II9i  Uive  an  esanipio  of  heat  produced  by  chemical 
action. 

A.  The  chemical  action  between  the  oxy- 
gen of  the  air  and  any  combustible  sub- 
stance, as  wood,  coal,  &c.,  will  produce  ht'at. 
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CHAPTER  III.-CUEMICAL  ACTION  A 
SOURCE   OF   HEAT. 

120.  What  ia  meant  by  chemical  action  being  the 
source  of  heat? 

A.  Many  things,  when  their  chemical  con- 
stitution is  changed,  (either  by  the  abstrac- 
tion of  some  of  their  gases,  or  by  the  com- 
bination of  others  not  before  united,)  evolve 
heat  while  the  change  is  going  on. 

SEOTION  L-ESPANSIOH. 

121i  What  effect  has  heat  upon  substances  frenerally? 

A,  It  expands  them,  or  enlarges  their 
dimensions. 

123<  Do  liquids  expand  by  heat  ? 

A.  They  do :  the  particles  of  which  they 
are  formed  are  not  so  firmly  held  together  by 
cohesion  as  the  particles  of  solid  bodies ; 
they  therefore  more  readily  expand  by  heat. 


A.  Water.  A  cubic  inch  of  boiling  water 
when  changed  into  steam  expands  to  nearly 
a  cubic  foot.  That  is,  it  expands  to  about 
seventeen  hundred  times  its  original  bulk. 

124.  Wliat  is  the  difference  between  a  gas  and  a 
hquid  ? 

A.  Gases  are  very  elastic,  but  liquids  are 
not. 
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I25<  Illustrate  what  is  incaut  by  the  elasticity  of 
gas. 

A.  If  from  a  vessel  full  of  gas  half  were 
taken  out,  the  other  half  would  immediately 
spread  itself  out  and  fill  the  same  space  as 
was  occupied  by  the  whole. 

!26t  Prove  that  a  liquid  is  not  very  elastic. 

A.  If  from  a  gallon  of  water  you  take 
half,  the  remaining  four  pints  will  take  up 
only  half  the  room  that  the  whole  gallon 
previously  did  :  a  liquid,  therefore,  is  not 
elastic  Hke  gas. 


§  r. — EXPANSION    OP   LIQUIDS   AND   GASES. 

I37a  Does  heat  expand  air? 

A.  Yes :  if  a  bladder  nearly  filled  with 
air  be  tied  up  at  the  neck  and  laid  before 
the  tire,  the  air  will  expand  till  the  bladder 
bursts. 

128.  Why  will  the  air  espaad  if  the  bladder  he  laid 
before  the  fire '! 

A.  Because  the  heat  of  the  fire  will  drive 
the  particles  of  air  apart  from  each  other, 
and  cause  them  to  occupy  more  room  than 
they  did  before. 

129.  Why  will  a  ball  of  lead  fall  to  the  bottom  of  a 
pail  of  water,  while  a  ball  of  cork  of  the  same  size  wiU 

A,  Because  the  lead  is  heavier  and   the 
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cork    is   lighter    than    tlie    same    bulk   of 
■water. 

130.  Why  will  a  ball  of  cork  fall  through  the  air, 
while  a  soap-buhhle  of  the  same  size  ascends  ? 

A.  Because  the  ball  of  cork  is  heavier 
than  the  air,  and  the  soap-bubble  is  lighter 
than  its  own  bulk  of  air. 

I3li  But  the  soap-bubhie  is  filled  with  air;  therefore 
why  is  it  lighter  than  the  air  around  it  f 

A.  Because  the  soap-bubble  is  filled  by  the 
breath,  which'  is  wann  air ;  and,  as  heat  ex- 
pands all  bodies,  the  air  in  the  soap-bubbie 
is  made  to  occupy  a  larger  space  than  the 
same  quantity  of  air  outside  of  the  bubble, 
and  for  this  reason  it  is  rendered  lighter. 

132>  But  suppose  cold  air  were  forced  into  the  soapy 
water:  would  the  huhhles  ascend? 

A.  No :  if  the  air  forced  through  the  pipe 
were  of  the  temperature  of  the  surrounding 
atmosphere,  the  bubbles  would  not  rise. 

133.  Why  would  they  not  rise? 

A.  Because,  the  air  inside  of  the  bubbles 
being  of  the  temperature  of  the  surrounding 
atmosphere,  the  air  contained  in  them  would 
weigh  as  much  as  the  same  bulk  of  air  outi 
side  of  the  bubbles. 


134.  Why  do  b 

A.  Because  they  are  filled  with  air  lighter 
than  the  same  bulk  of  air  surrounding  the 
balloon. 
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A.  Yes :  every  thmg  that  man  is  ac- 
quainted with  is  expanded  by  heat. 

136.  What  is  meant  by  Cold  ? 

A.  It  is  merely  the  absence  of  Heat. 

All  bodies  contain  heat;  but  inferior  de- 
grees of  heat  are  designated  by  the  term 
"  cold." 

137.  Most  bodies  contract  by  cold  r  ia  tbere  an  ex- 
ception to  this  rule  ? 

A.  Yes :  water  when  cooling  from  about 
seven  degrees  above  its  freezing-point  under- 
goes a  regular  expansion ;  and  in  becoming 
solid  a  still  further  expansion  takes  place. 

138t  How  great  is  the  expansion  of  freezing  water  ? 

A.  It  amounts  to  about  one-seventh  of  its 
bulk.  That  is,  a  two-gallon  measure  contain- 
ing seven  quarts  of  water  would  be  quite  full 
when  perfectly  frozen. 

139.  IMention  some  of  the  effects  of  the  expansion 
of  freezing  water. 

A.  Rocks  are  often  rent  asunder  by  it; 
lead  and  iron  pipes  are  burst ;  and  a  brass 
globe  filled  with  water  and  closed  by  a  screw 
was  burst,  by  the  freezing  of  the  water,  with 
a  force  of  not  less  than  twenty-eight  thousand 
pounds. 
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A.  Because  they  contain  a  great  deal  of 
air,  which  is  expanded  by  the  heat  of  the 
fire ;  and  the  air,  not  being  able  to  escape, 
bursts  violently  through  the  thick  rind,  slit- 
ting itj  and  making  a'  great  noise. 

llli  What  occasions  the  loud  crack  or  report  which 

A.  1st.  The  sudden  bursting  of  the  shell 
makes  a  report,  in  tlie  same  way  as  a  piece 
of  wood  or  glass  would  do  if  snapped  in 
two;  and, 

2d.  The  escape  of  hot  air  from  the  chest- 
nut makes  a  report  similar  to  that  of  gun- 
powder when  it  escapes  from  a  gun. 

J42i  Why  does  the  sudden  bursting  of  tho  shell,  or 
snapping  of  a  piece  of  wood,  make  a  report  ? 

A.  Because  a  violent  stroke  is  given  to  the 
air  when  the  attraction  of  cohesion  is  thus 
suddenly  overcome.  This  stroke  produces 
rapid  undulations  in  the  air,  which,  striking 
upon  the  ear,  give  the  sensation  of  sound. 

143i  Why  does  the  escape  of  air  from  the  chestnut, 
or  tho  explosion  of  gunpowder,  produce  a  report  ? 

A.  Because  the  sudden  expansion  of  the 

imprisoned  air  produces  a  partial  vacuum; 
the  report  is  caused  by  the  rushing  of  fresh 
air  to  fill  up  this  vacuum. 

I  j|>  If  a  chestnut  be  slit  before  it  is  roasted,  it  wiU 
not  crack  :  why  is  this  ? 

A.  Because  the  heated  air  of  the  chestnut 
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can  then  escape  freely  tlirough  the  slit  in  tho 
rind. 

145>  Why  i3oes  an  apple  split  and  spurt  about  when 
roasted? 

A.  Because  it  contains  a  quantity  of  air, 
which,  being  expanded  by  the  heat  of  the 
fire,  bursts  through  the  peel,  caiTying  the 
juice  of  the  apple  along  with  it. 

I46>  Docs  an  upple  contain  more  air  in  proportion 
than  a  chestnut  ? 

A.  Yes,  much  more.  There  is  as  much 
condensed  air  in  a  common  apple  as  would 
fill  a  space  forty-eight  times  as  large  as  thf^ 
apple  itself. 

117.  How  can  all  this  air  be  stowed  in  an  apple  ? 

A.  The  inside  of  an  apple  consists  of  littl' 
cells,  each  of  which  contains  a  portion  o* 
air. 

148.  When  an  apple  is  roasted,  why  is  one  part  madi 
soft,  while  all  the  rest  remains  hard  ? 

A.  Because  the  air  in  the  cells  next  the 
fire  is  expanded,'  and  escapes ;  the  cells  are 
broken,  and  their  juices  mixed  together:  s& 
the  apple  collapses,  (from  loss  of  air  and 
juice,)  and  feels  soft  in  those  parts. 

149.  What  is  meant  by  the  app)c  collapsing? 

A.  It  means  that  the  plumpness  gives 
way,  and  the  apple  becomes  soft  and  shri- 
velled. 
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150.  Why  do  sparks  of  fire  start  with  a  crackling 
noise  from  pieces  of  wood  laid  upon  a  fire  ? 

A.  Because  the  air  (expanded  by  the 
heat)  forces  its  way  through  the  pores  of  the 
wood,  and  carries  along  with  it  the  covering 
of  the  pores  which  resisted  its  passage. 

15l>  What  is  meant  by  the  "pores  of  the  wood"  ? 

A.  Very  small  holes  in  the  wood,  through 
which  the  sap  circulates. 

152.  What  are  the  sparks  of  firewhich  hurst  from 
the  wood  ? 

A.  Very  small  pieces  of  wood  made  red- 
hot,  and  separated  from  the  log  by  the  force 
of  the  air  when  it  bursts  from  its  confine- 
ment. 

I53>  W'hy  does  light,  porous  wood  make  more  snap- 
ping than  any  other  kind  'i 

A.  Because  the  pores  are  very  large,  and 
contain  more  air  than  those  of  wood  of  a 
closer  grain. 

154.  Why  docs  yrccn  wood  make  less  snapping  than 
dry? 

A.  Because  the  pores,  being  filled  with 
sap,  contain  very  little  air. 

i  burn  more  easily  than  green 

A.  Because  the  pores  of  dry  wood  are 
filled  with  air,  which  supports  combustion ; 
but  the  pores  of  green  or  wet  wood  are  filled 
with  moisture,  which  extinguishes  flame. 
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156>  Why  does  moisture  extinguish  flame  ? 

A.  1st.  Because  it  prevents  the  carbon  of 
the  fuel  from  mixing  with  the  oxygen  of  the 
air,  to  form  carbonic  acid  gas ;  and, 

2d.  Because  lieat  is  perpetually  carried 
off  by  the  formation  of  the  sap  or  moisture 
into  steam. 

1  heated 

A.  Because  the  close  texture  of  the  stones 
prevents  the  hot  air  enclosed  in  them  from 
escaping;  in  consequence  of  which,  it  bursts 
forth  with  great  violence,  tearing  the  stones 
to  atoms,  and  scattering  the  fragments. 

Probably  some  part  "f  tbia  effect  is  duo  to  Ibe  setting  fVeo  of  tho 
wilier  of  BtystalliiiiiiuQ. 

158i  When  bottled  aie  or  porter  is  set  before  a  fire, 
why  is  the  cork  sometinics  ibrecd  out? 

A.  Because  the  carbonic  acid  gas  of  the 
liquor  expands  by  the  heat,  and  drives  out 
the  cork. 

r  froth  more  after  it  has 

A.  Because  the  heat  of  the  fire  expands 
the  carbonic  acid  gas  of  the  liquor,  and  pro- 
duces bubbles  or  froth. 

160.  When  a  hoy  makes  a  paper  balloon,  and  seta 
Gre  to  the  cotton  or  sponge,  (which  has  been  previously 
steeped  iu  .spirits  of  wine,)  why  is  the  balloon  inflated? 
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A.  Because  the  air  of  the  balloon  is  ex- 
panded by  the  flame. 

161.  Why  does  the  halloon  rise  after  it  has  been  in. 
flated  by  the  expanded  air  ? 

A.  Because  the  same  quantity  of  air  is 
expanded  to  three  or  four  times  its  original 
volume,  and  made  so  much  lighter  that 
even  when  all  the  paper,  wire,  and  cotton 
are  added,  it  is  still  lighter  than  the  same 
bulk  of  common  sdr,. 

I62i  Why  does  smoke  rush  up  a  chimney  ? 

A.  Because  the  heat  of  the  fire  expands 
the  air  in  the  chimney ;  which,  being  thus 
made  lighter  than  the  air  around,  rises  up 
the  chimney,  and  carries  the  smoke  in  ii.s 
current. 

163<  Why  will  a  long  chimney  smoke,  unless  the  fire 
bo  pretty  fierce  ? 

A.  Because  the  heat  of  the  fire  will  not 
be  sufficient  to  rarefy  all  the  air  in  the 
chimney. 

I64i  Why  will  the  chimney  smoke,  unless  the  fire  be 
strong  enough  to  heat  all  the  air  in  the  chimney-flue  ? 

A.  Because  the  cold  air  (condensed  in  the 
upper  part  of  the  flue)  wiU  sink  from  it.?  own 
weight,  and  sweep  the  ascending  smoke  ha«k 
into  the  room, 

I65i  What  is  the  use  of  a  cowl  upon  a  chimney-pot? 

A.  It  acts  as  a  screen,  to  prevent  the  wind 
from  blowing  into  the  chimney. 
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166i  What  harm  would  the  wind  do  if  it  were  ta 
blow  into  a  chimney  ? 

A.  1st.  It  would  prevent  the  smoke  from 
issuing  out  of  the  top  of  the  chimney ;  and, 

2d,  The  cold  air  (introduced  into  the 
chimney  by  the  wind)  would  fall  down  the 
flue,  and  drive  the  smoke  with  it  into  the 
room. 

167.  How  are  houses  and  other  buildings  heated  with 
hot  air? 

A,  The  ,fire  is  kindled  in  a  grate  or  stove 
which  is  erected  in  the  cellar.  This  fire 
heats  the  air  in  contact  with  it  in  the  air- 
chamber,  aa  it  is  called,  and,  as  heated  air 
always  ascends,  it  is  forced  up  through  pipes 
into  the  different  apartments  of  the  building 

168.  What  is  an  air-chamber  ? 

A,  It  is  an  enclosure  around  the  furnace 
or  stove,  with  openings  below  to  admit  the 
cold  air  from  the  cellar  to  rush  in  to  supply 
the  place  of  the  heated  air  which  ascends 
into  the  rooms  above. 

introduced    into    the    air- 

A.  Because  the  air  in  the  chamber  when 
heated  expands  and  becomes  lighter  than 
the  same  bulk  of  cold  air;  and,  as  this 
heated  air  ascends  through  the  pipes,  the 
cold  air  rushes  in  to  supply  its  place,  and 
becomes  heated  in  its  turn. 
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ITOt  Why  are  the  bricls  aod  fiagstoDcs  of  pave- 
ments freqaently  loosened  after  a  frost  ? 

A.  Because  the  moisture  beneath  them 
expanded  during  the  frost,  and  raised  the 
bricks  and  flagstones  from  their  beds;  but 
afterward  the  moisture  thawed  and  con- 
densed again,  leaving  the  bricks  and  stones 
loose, 

171.  Why  do  doors  swell  in  rainy  weather  f 

A.  Because  the  air  is  filled  with  vapor, 
which,  penetrating  into  the  pores  of  the 
wood,  forces  its  particles  farther  apart,  and 
swells  the  door. 

172.  Why  do  doors  shrink  in  dry  weather? 

A.  Because  the  moisture  is  absorbed  from 
the  wood;  and,  as  the  particles  are  brougM 
closer    together,    the    size    of  the    door    is 
in  other  words,  the  wood  shrinks. 


§  II. — EXPANSION    OP   METALS. 

I73>  What  metal  is  distinguished  from  all  othera  by 
itfi  fluidity  at  ordinary  temperatures  ? 

A.  Mercury,  or  quicksilver. 

nil  Does  mercury,  like  other  metals,  expand  by  heat? 

A.  It   readily  expands  or  contracts  with 
every  variation  of  temperature. 

Though  fluid  at  oil  cnmmon  lempernti 
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175.  For  what  philosophical  instrumenta  is  mercarj 
generally  used  ? 

A.  Its  i-egular  expansion  and  contraction 
by  every  increase  or  diminution  of  tempe- 
rature renders  it  preferable  to  all  other 
liquids  for  filling  the  tubes  of  barometers 
ajid  thermometers. 


A.  Because  heat  expands  the  metal,  which 
(being  increased  in  bulk)  occupies  a  larger 
space,  and  consequently  rises  higher  in  the 
tulie. 

I77«  Wliy  is  a  glass  broken  when  hot  water  is  poured 

A.  Because  the  inside  of  the  glass  is  sud- 
denly expanded  by  the  hot  water  before  the 
outside :  so  the  glass  snaps,  in  consequence 
of  this  unequal  expansion. 

178>  Why  is  not  the  outside  of  the  glass  expanded  by 
the  hot  water,  as  well  aa  the  inside  ? 

A.  Because  glass  is  a  bad  conductor  of  heat, 

and  breaks  before  the  heat  of  the  inner  sur- 
face is  conducted  to  the  outside. 

179i  Why  does  a  glass  snap  because  the  inner  surfaci* 
is  hotter  than  the  outer  1 

A.  Because  the  inner  surface  is  expanded, 
and  not  the  outer ;  in  consequence  of  which 
an  opposing  force  is  created,  which  breaks 
the  glass. 
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180.  If  a  bar  of  metal  be  accurately  measured  when 
cold,  and  afterward  heated  very  hot,  will  its  dimension! 
be  found  to  have  increased  ? 

A.  Yes:  all  metals  expand  by  heat;  and 
a  bar  of  iron  when  hot  will  measure  more 
than  when  it  is  cold. 

181.  Will  the  iron  contract  in  size  on  cooling,  after  it 
has  been  heated  ? 

A.  Yes  :  it  will  return  to  its  former  dimen- 
sions on  getting  cold. 

182.  Why  do  most  persons  dip  their  razor  in  hot  water 
before  shaving  with  it  'i 

A.  Because  the  heat  of  the  water  expands 
the  edge,  by  that  means  rendering  it  more 
fine  and  sharp. 


A.  1st.  That,  by  its  expansion,  it  may  fit 
on  more  easily;  and, 

2d.  That  it  may  gird  the  wheel  more  tightly 
by  contracting  when  it  cools. 

184.  Why  does  a  stove  make  a  crackling  noise  when 
a  fire  b  very  hot  ? 

A,  Because  it  expands  from  the  heat,  and 
tlie  particles  of  iron,  in  expanding,  produce  a 
crackling  noise. 

185.  Why  does  a  stove  make  a  similar  crackling  noise 
when  a  large  fire  is  put  out? 

A.  Because  it  contracts  when  the  fire  is 
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removed;  and  the  particles  of  iron,  in  con- 
tracting, produce  a  crackling  sound. 

186.  Why  does  the  plaster  around  a  grate  or  furnaca 
crack  and  fall  away? 

A.  Because,  when  the  fire  is  lighted,  the 
iron-work  expands  more  than  the  brick-work 
and  plaster,  and  separates  from  them;  but 
when  the  fire  is  put  out  the  metal  shrinks 
again,  and  leaves  the  "setting"  behind. 

The  "  setting"  is  a  tochnicnl  word  for  tlie  plaster,  Ac.  in  immediate 
eontaot  with  the  grata  or  furnace. 

187i  Why  does  the  plaster  fall  away? 

A.  As  achink  is  left  between  the  "setting" 
and  the  grate,  the  plaster  will  frequently  fall 
away  from  its  own  weight, 

188.  What  other  cause  contributes  to  hring  the  plaa- 
ter  down  f 

A,  As  the  heat  of  the  fire  varies,  the  size 
of  the  iron  grate  or  furnace  varies  also ;  and 
this  swelling  and  contracting  keep  up  such  a 
constant  disturbance  about  the  plaster  that  it 
cracks  and  falls  off. 

189.  If  the  boiler  or  kettle  attached  to  a  kitchen-range 
be  filled  with  cold  water  some  time  after  the  fire  has  been 
lighted,  it  will  be  very  likely  to  crack  or  burst.  Why  is 
this? 

A.  Because  the  heat  of  the  fire  has  caused 
the  metal  of  which  the  boiler  is  composed  to 
expand;  but  the  cold  water  very  suddenly 
contracts  those  parts  with  which  it  comes 
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m  contact,  and,  as  one  part  is  larger  than 
the  other,  the  boiler  cracks  or  bursts. 

190.  When  the  stopper  of  a  decanter  or  smelling- 
bottle  sticks,  why  will  a  cloth  wrung  out  of  hot  water 
and  wrapped  around  the  neck  of  the  bottle  loosen  the 

A.  Because  the  hot  cloth  heats  the  neck 
of  the  bottle,  causing  it  to  expand,  and  con- 
sequently loosens  the  stopper. 

191.  Why  does  the  stopper  of  a  decanter  stick  fast  if 
it  be  put  in  damp  ? 

A.  If  the  stopper  be  damp,  it  fits  the  de- 
canter air-tight;  and,  if  the  decanter  was  last 
used  in  a  heated  room,  as  soon  as  the  hot  air 
enclosed  in  the  inside  has  been  condensed  by 
the  cold,  the  weight  of  the  external  air  will 
be  sufficient  to  press  the  stopper  down  and 
make  it  stick  fast. 

192<  Why  does  a  damp  stopper  fit  a  decanter  air- 
tight? 

A.  Because  the  moisture  fills  up  all  the 
inequalities  (that  is,  roughness)  in  the  ground- 
glass  stopper  and  neck  of  the  decanter,  and 
thus  prevents  the  escape  of  the  air. 

193*  Why  does  the  stopper  of  a  smelling-bottie  very 
often  stick  fast? 

A.  Because  the  contents  of  a  smelling-bottle 
are  very  volatile,  and  leave  the  neck  of  the 
bottle  and  the  stopper  damp. 


,y  Google 


as  CHEMICAL   ACTION. 

§  III. — VENTILATION. 

194.  What  is  ventilation? 

A.  The  renewal  of  fresh  air, — a  continual 
change  of  air. 

From  the  Latin  ventilo,  to  blow  or  fan. 

195.  Is  the  air  in  a  room  in  the  same  perpetual  motion 
as  the  air  out-of-doors  ? 

A.  Yes :  there  are  always  two  currents  of 
air  in  the  room  we  occupy, — one  of  hot  air, 
flowing  out  of  the  room,  and  another  of  cold 
air,  flowing  into  the  room, 

196.  How  do  jou  know  that  there  are  these  two  cur- 
rents of  air  in  every  occupied  room  ? 

A.  If  a  lighted  candle  he  held  near  the 
crevice  at  the  top  of  the  door,  the  flame  wiU 
be  blown  outward,  (toward  the  hall ;)  but  if 
the  candle  be  held  at  the  bottom  of  tlie  door, 
the  flame  will  he  blown  inward,  (into  the 
room.) 

This  is  not  (he  case  if  a  fire  be  in  an  open  flreplace  in  the  room. 
When  a  fite  is  lighted,  an  inward  current  is  drawn  throngh  all  the 

197.  Why  would  the  flame  be  blown  outward  (toward 
the  hall)  if  a  candle  were  held  at  the  top  of  the  door  ? 

A.  Because  the  air  of  the  room,  being  heated 
and  consequently  rarefied,  ascends;  and  (float- 
ing about  the  upper  part  of  the  room)  some  of 
it  escapes  through  the  crevice  at  the  top  of 
the  door,  producing  a  current  of  air  outward, 
(into  the  hall.) 
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198a  Why  would  the  flame  he  hlown  inward  (into  the 
■"oom)  if  the  candle  were  held  at  the  bottom  of  the  door  ? 

A.  Because  a  partial  vacuum  is  made  at 
the  bottom  of  the  room  as  soon,  as  the  warm 
air  of  the  room  has  ascended  to  the  coiling  or 
made  its  escape  from  the  room,  and  cold  air 
from  the  hall  rushes  under  the  door  to  supply 
the  void. 


A.  A  vacuum  means  a  place  from  which  the 
air  has  been  taken;  and  a  "partial  vacuum" 
means  a  place  from  which  a  part  of  the  air 
has  been  taken.  Thus,  when  the  air  near 
the  floor  ascends  to  the  ceiling,  a  partial 
vacuum  is  made  near  the  floor. 

2(M».  How  is  the  vacuum  filled  up  again  7 

A.  It  is  filled  up  by  colder  air,  which  rushes 
(under  the  door  and  through  the  window-cre- 
vices) into  the  room. 

201>  Give  an  illustration. 

A.  If  a  pail  be  dipped  into  a  pond  and  filled 
with  water,  a  bole  (or  vacuum)  is  made  in  the 
pond  as  large  as  the  pail ;  but  the  moment  the 
pail  is  drawn  out,  the  vacuum  is  filled  up  by 
the  water  around. 

'202i  Show  how  this  illustration  applies. 

A.  The  heated  air  which  ascends  from  the 
bottom  of  a  room  is  removed  like  the  water 
in  the  pail ;  ''-nd,  as  the  void  was  instantly 
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supplied  by  other  water  in  the  pond,  so  the 
void  of  air  is  supplied  by  the  air  around. 

205.  Why  is  a  room  (even  without  a  fire)  generally 
warmor  than  the  open  air  ? 

A.  Because  the  air  in  a  room  is  not  subject 
to  much  change,  and  soon  becomes  of  the  same 
temperature  as  our  skin,  when  it  no  longer 
feels  cold. 

204t  Why  do  we  generally  feel  coWor  out-of-doors  than 

A.  Because  the  air  which  surrounds  us  out- 
of-doors  is  always  changing;  and,  as  fast  as 
one  portion  of  air  has  become  warmer  by  con- 
tact with  our  body,  another  colder  portion 
surrounds  us,  to  absorb  more  heat. 

205i  Why  is  there  a  strong  draught  through  the  key- 
hole of  a  door? 

A,  Because  the  air  in  the  room  we  occupy 
is  warmer  tlian  the  air  out-of-doors :  thei-e- 
fore  the  air  i'rom  out-of-doors  rushes  through 
the  keyhole  into  the  room,  and  causes  a 
draught, 

206.  Why  ia  there  a  strong  draught  under  the  dool 
and  through  the  ereviee  on  each  side  V 

A  Because  cold  air  rushes  from  tlie  hall 
to  supply  the  void  in  the  room  caused  by  the 
escape  of  warm  air  up  the  chimney  and 
through  the  crevices  in  the  upper  parts  of 
the  doors, 

207<  If  you  open  the  lower  sash  of  a  window,  there  if 
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.xplaiD 

A.  If  the  lower  sash  be  open,  cold  external 
air  will  rush  freely  into  the  room,  and  cause 
a  great  draught  inward;  but,  if  the  upper 
sash  be  open,  the  heated  air  of  the  room  will 
rush  out,  and  of  course  there  will  be  less 
draught  inward. 

208i  By  wliich  means  is  a.  room  better  ventikted, — 
by  opening  the  upper  or  the  lower  sash  ? 

A.  A  room  is  better  -ventilated  by  opening 
the  upper  sash,  because  the  hot,  vitiated  air 
{which  always  ascends  toward  the  ceiling) 
can  escape  more  easily. 

209.  By  wTiicli  means  is  a  hot  room  more  quiokly 
eooled, — -by  opening  the  upper  or  the  lower  sash  ? 

A.  A  hot  room  is  cooled  more  quickly  by 
opening  the  lower  sash,  because  the  cold  air 
can  enter  more  freely  at  the  lower  part  of  the 
room  than  at  the  upper. 

210.  Which  is  the  hottest  place  in  a  church  or 
theatre  ? 

A.  The  gallery. 

21l>  Why  is  the  gallery  of  all  public  buildings  hotter 
than  the  lower  parts '! 

A.  Because  the  heated  air  of  the  building 

ascends,  and  all  the  cold  air  {which  can  enter 
through  the  doors  and  windows)  keeps  near 
the  floor  till  it  has  become  heated. 
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2I3t  How  are  mines  ventilated  ? 

A.  The  mine  is  furnished  with  two  shafca 
or  flues.  These  flues  are  so  arranged  that 
air  forced  down  one  shall  traverse  the  whole 
extent  of  the  mine  before  it  escapes  by  the 
other.  By  keeping  up  a  fire  in  one  of  these 
shafts,  the  air  is  rarefied  or  expanded  within, 
causing  an  ascending  current,  carrying  with 
it  all  the  noxious  ga«es  and  rendering  the  air 
pure. 

213i  TVhat  effect  is  produced  upon  air  by  rarefaction? 

A.  It  is  made  lighter  and  ascends  through 
colder  strata,  as  a  cork  put  at  the  bottom  of 
a  basin  of  water  rises  to  the  surface. 

214i  Why  should  stoves  be  fixed  as  near  the  floor  of 
a  room  as  possible  ? 

A.  In  order  that  the  air  in  the  lower  part 
of  the  room  may  be  heated  by  the  fire, 

215a  Would  not  the  air  in  the  lower  part  of  a,  room 
be  heated  equally  woil  if  the  stove  were  more  elevated  ? 

A.  No :  the  heat  of  a  fire  has  very  little 
effect  upon  the  air  below  the  level  of  the 
grate ;  and  therefore  every  grate  should  be 
as  near  the  floor  as  r 


2I6<  Our  feet  are  very  frequently  cold  whcr 
close  by  a  good  fire  ;  explain  the  reason  of  this. 

A.  As  the  fire  consumes  the  airwhich  p 
over  it,  cold  air  rushes  through  the  crevices 
uf  the  doors  and  windows,  along  the  floor  of 
the  nxim,  to  supply  the  deficiency;  and  these 
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currents  of  cold  air,  rushing  constantly  over 
our  feet,  deprive  them  of  their  warmth. 

217.  What  is  smoke? 

A.  Small  particles  of  carbon  separated  by 
combustion  from  the  fuel,  but  not  consumed. 

218«  Why  do  smoke  and  steam  curl  as  they  ascend  ? 

A.  Because  they  are  forced  round  and  round 
by  the  ascending  and  descending  currents  of 
air. 

2lfli  Wty  do  some  chimneys  smoke? 

A.  Because  fresh  air  is  not  admitted  into 
a  room  as  fast  as  it  is  consumed  by  the  fire ; 
in  consequence  of  which  a  currentof  air  rushes 
down  the  chimney  to  supply  the  deficiency, 
driving  the  smoke  along  with  it, 

220>  Why  cannot  air  be  supplied  as  fast  as  it  is  con- 
sumed hy  the  fire  ? 

A.  Curtains  around  the  windows,  sand-bags 
at  the  thresholds  of  the  doors,  and  all  such 
contrivances,  keep  out  the  draught. 

221.  Why  will  the  air  come  down  the  chimney? 

A.  Because  it  can  get  into  the  room  in  no 
other  way,  if  the  doors  and  windows  are  all 
made  air-tight. 

222.  What  is  the  best  remedy  in  such  a  ease  ? 

A.  The  speediest  remedy  is  to  open  the 
door  or  window;  but  by  far  the  best  remedy 
is  to  carry  a  small  tube  from  the  hearth  into 
the  external  air. 
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323.  Why  ia  that  the  best  remedy  ? 

A.  Because  the  fire  will  be  plentifully  sup- 
plied with  air  by  the  tube  :  the  doors  and 
Ivindows  may  all  remain  air-tight,  and  we 
may  enjoy  a  warm  fireside  without  the  in- 
convenience of  draughts  of  air  and  cold  feet. 

224.  Why  is  a  chimney  raised  so  high  above  the 
roof? 

A.  That  it  may  not  smoke,  as  all  flues  do 
which  are  too  short. 

225.  What  is  meant  by  the  flue  of  a  chimney? 

A.  That  part  of  a  chimney  through  which 
the  smoke  passes. 

226i  Why  does  a  chimney  smoke  if  tho  flue  he  very 

A.  Because  the  draught  of  a  short  flue  is 
too  slack  to  carry  the  smoke  up  the  chimney. 

227.  Why  is  the  draught  of  a  short  flue  more  slack 
than  that  of  a  long  one  F 

A.  Because  the  air  contained  in  a  short 
flue  does  not  become  sufficiently  rarefied  to 
cause  a  strong  draught. 

228.  Why  is  the  fire  always  dull  and  sluggish  if  the 
chimney-flue  be  very  short? 

A.  Because  the  draught  is  bad;  and,  as  the 
rarefied  air  passes  very  tardily  up  the  chim- 
ney, fresh  air  flows  as  tardily  toward  the  fire 
to  supply  it  with  oxygen. 
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A.  Because  the  higher  smoke  ascends,  pro- 
vided the  fire  be  clear  and  hot  and  the  flue 
unobstructed,  the  faster  it  moves :  if,  there- 
fore, a  flue  be  very  short,  the  smoke  never 
acquires  its  full  velocity. 

280<  Does  the  draught  of  a  chimney  depend  on  the 
speed  of  the  smoke  through  the  flue  ? 

A.  Yes  :  the  more  quickly  hot  air  flies  up 
the  chimney,  the  more  quickly  cold  air  will 
rush  toward  the  fire  to  supply  the  place ;  and, 
therefore,  the  higher  the  flue  the  greater  the 
draught. 

231.  -Why  are  the  chimneys  of  manufactories  made 
so  very  high  ? 

A.  To  increase  the  intensity  of  the  fire. 


232.  Why  is  the  intensity  of  a  firo  increased  by  length- 
ening tlie  flue? 

A,  Because,  the  draught  being  greater,  more 
fuel  is  consumed  in  the  same  time,  and,  of 
course,  the  intensity  of  tlie  heat  is  propor- 
tionally greater. 

233.  If  a  short  chimney  eannnt  be  lengthened,  what 
is  the  best  way  to  prevent  smoking? 

A.  To  contract  the  opening  of  the  chimney 
contiguous  to  the  fire. 

234.  Why  will  a  smaller  opening  in  that  part  of  the 
chimney  near  the  fire  prevent  smoking  ? 

A.  Because  the  air  will  be  compelled  to 
pass  nearer  the  fire,  and,  being  more  heated, 
will  rise  through  the  chimney  more  rapidly : 
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this  increase  of  heat  will,  therefore,  compen 
sate  for  the  shortness  of  the  flue. 

2S5.  Why  will  a  room  be  full  of  smoke  if  there  he 
two  fires  in  it  f 

A.  Because  the  fiercer  fire  will  exhaust  the 
most  air,  and  draw  frani  the  smaller  one  to 
supply  its  demand. 

23fi.  Why  will  a  chimney  smoke  if  there  bo  a  fire  in 
two  rooms  commuoicating  with  caeh  other!* 

A.  Because,  whenever  the  door  between 
the  two  rooms  is  opened,  air  will  rush  from 
iiie  chimney  of  the  inferior  fire  to  supply  the 
other,  and  both  rooms  will  be  filled  with 
smoke. 

237.  What  is  the  best  remedy  in  this  case  ? 

A.  Let  a  tube  be  carried  from  the  hearth 
of  each  fire  into  the  external  air;  and  then 
each  fire  will  be  so  well  supplied  tijat  neither 
will  need  to  borrow  from  the  other. 

238.  Why  does  a  house  in  a  valley  very  oiYeo  smoke? 
A.  Because  the  wind,  striking  against  the 

surrounding  hills,  bounds  back  again  upon 
the  chimney,  and  destroys  its  draught. 

239.  What  ia  the  common  remedy  in  this  case  ? 

A.  To  fix  a  cowl  on  the  chimney-top, 
which  will  turn  like  a  weathercock  and  pr<>- 
sent  its  back  to  the  wind. 

240t  Why  will  not  a  cowl  always  prevent  a  cliiniiicy 

A.  Because,  if  tlie  wind    be  strong,   and 
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there  were  a  steeple  or  hill  near  the  chim- 
noj,  it  would  keep  the  opening  of  the  cowl 
toward  the  hill;  and  then  the  reflected  wind 
would  blow  into  the  cowl  and  down  the 
chimney. 

241 1  As  a  cowl  is  not  a  perfect  remedy,  can  any  otlier 
be  sugf-'csted  ? 

A.  Yes:  if  the  chimney- flue  be  carried 
higher  than  the  hill,  no  wind  can  enter  the 
flue. 

212>  If  a  chimney-flue  he  carried  higher  than  the 
hill,  why  cannot  the  wind  enter  it? 

A.  Because  the  reflected  wind  would  strike 
against  the  sides  of  the  chimney-flue,  and  not 
pass  over  the  opening  at  all. 

213.  In  what  other  cases  will  a  chimney  snioke? 

A,  If  the  door  and  fireplace  be  both  on 
the  same  side  of  the  room,  the  chimney  will 
very  often  smoke. 

211i  Why  will  a  chimney  smoke  if  the  door  and  fire- 
place be  both  on  the  same  side  ? 

A,  Because,  whenever  the  door  is  opened, 
a  current  of  air  will  blow  obliquely  into  the 
chimney- place,  and  drive  the  smoke  into  the 
room. 

245>  What  remedy  can  be  applied  to  this  evil  ? 

A.  The  door  must  be  set  opposite  to  the 
chimney-place,  or  nearly  so ;  and  then  the 
draught  from  the  door  will  blow  the  smoke 
up  the  chimney,  and  not  into  the  room. 
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2161  Why  will  a  cliimney  smoke  if  it  need  sweeping^ 
A.  Because  loose   soot  obstructs  the  free 

passage  of  the  smoke,  delays  its  current,  and 

prevents  the  draught. 

247.  Why  will  a  chimney  smoke  if  it  be  out  of 
repair  ? 

A,  1st.  Because  the  loose  mortar  and  bricks 
obstruct  the  smoke ;  and, 

2d.  Cold  air,  oozing  through  the  chinks, 
chills  the  air  in  the  chimney  and  prevents 
its  ascent. 

248<  Why  does  an  old-fashioned  farm-house  chimney 
often  smoke  ? 

A.  Because  the  opening  of  the  chimney- 
place  is  so  very  lai^e  iliat  much  of  the  air 
which  goes  up  the  chimney  has  never  passed 
near  enough  to  the  fire  to  become  heated ;  and 
this  cold  air  (mixing  with  the  hot)  so  reduces 
the  temperature  of  the  air  in  the  chimney 
that  it  ascends  very  slowly,  and  the  draught 
is  destroyed. 

249.  Why  does  a  chimney  smoke  if  the  draught  ba 
slack  ? 

A.  Because  the  current  of  air  up  the  chim- 
ney is  not  powerful  enough  to  buoy  up  the 
smoke  through  the  flue. 


A .  Becaui^e  the  column  of  smoke  is  suddenly 
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chilled  by  the  wind,  and,  being  unable  to  as- 
cend, rushes  back  into  the  room. 

2Sli  What  ia  the  use  of  a  chimney-pot? 

A.  It  serves  to  increase  the  draught  when 
the  opening  of  a  chimney  is  too  large. 

252.  Howdoes  a  chimney-pot  iaereaae  the  draught  of 
a  chimney  ? 

A,  As  the  same  quantity  of  hot  air  has  to 
escape  through  a  smaller  opening,  it  must  pass 
through  more  quickly. 

253.  Why  do  blowers,  when  placed  before  a  grate, 
tend  to  kindle  the  fire? 

A.  Because  the  air  (by  passing  through  the 
fire)  is  made  much  hotter,  and  ascends  the 
chimney  more  rapidly. 

254«  Why  is  a  fire  better  supplied  with  osygen  while 
the  blower  is  before  it  ? 

A.  Because  the  blower  increases  the  draught ; 
and  the  faster  the  hot  air  flies  up  the  chimney, 
the  faster  will  cold  air  rush  toward  the  fire  to 
supply  it  with  oxygen. 

255.  Why  does  a  parlor  often  Bmell  disagreeably  of  soot 

A.  Because  the  air  in  the  chimney  (being 
colder  than  the  air  in  the  parlor)  descends 
from  the  chimney  into  the  room,  impregnated 
with  the  disag:reeable  smell  of  the  soot. 

356.  Why  does  smoke  sometimes  descend  before  it 

A.  Because  the  air  is  less  dense,  and  can- 


,y  Google 


€0  CHEMICAL   ACTION. 

not  buoy  up  the  air:    in  other  words,  the 
damp  air  is  lighter  than  the  smoke. 

257.  Why  does  a  downward  current  of  cold  air  bring 

A.  Because  it  condenses  the  warm  vapor, 
which  then  descends  in  the  form  of  rain. 

258.  Why  doGS  a  poker  laid  acrosa  a  dull  fire  revivo 
it? 

A.  For  two  reasons :  lat.  Because  the  poker 
concentrates  the  heat,  and  therefore  increases 
it;  and, 

2d.  Air  is  arrested  in  the  narrow  aperture 
between  the  poker  and  the  coals,  and  a  draught 
created. 

259.  Why  are  fires  placed  on  the  floor  of  a  room,  and 
not  toward  the  ceiling? 

A.  Because  heated  air  always  ascends  :  if, 
therefore,  the  fire  were  not  near  the  floor,  the 
air  of  the  lower  part  of  the  room  would  never 
be  boated  by  the  fire. 

2ttO>  If  you  tate  a  poker  out  of  the  fire  and  hold  the 
hot  end  downward,  why  is  the  handle  intensely  hot? 

A.  Because  the  hot  end  of  the  poker  heats 
the  air  around  it,  and  this  hot  air  in  its  as" 
cent  heats  the  poker  and  the  hand  which 
holds  it. 

261t  How  should  a  red-hot  poker  be  carried  so  as  not 
lo  burn  the  fingers  ? 

A.  With  the  hot  end  upward ;  for  then  the 
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air  heated  by  the  poker  would  not  pass  over 
the  hand  and  scorch  it. 

'-^BECnON  II,-CONDIJCTIOH  OF  HEAT. 

2S2i  What  is  meant  by  conduction  of  heat  ? 

A,  The  passage  of  heat  from  one  body 
or  particle  of  a  body  to  another  by  actual 
contact. 


i   OP   HEAT. 

26S.  Why  do  some  things  feci  colder  than  others? 

A.  Principally  because  they  are  better  con- 
ductcrSj  and  drawoff  heat  from  the  body  mucli 
faster, 

26J.  What  are  tlie  beat  conductors  of  heat  ? 

A.  Dense,  solid  bodies,  such  as  metal  and 
stone. 

265.  Which  metals  are  the  most  rapid  eondiictors  of 
heat? 

A.  The  best  conductors  of  heat  are  silver, 
gold,  copper,  and  iron.  Lead  is  not  so  good  a 
conductor  of  heat  as  the  other  metals. 

Sftfti  Which  is  the  better  conductor  of  heat, — copper 
or  glass? 

A.  Copper.  If  the  extremities  of  a  rod  of 
copper  and  one  of  glass  bo  placed  in  the  fire, 
and  the  other  ends  be  held  in  the  hand,  the 
heat  will  be  found  to  ascend  rapidly  through 
the  copper  wire,  while  the  end  of  the  glass 
rod  will  be  comparatively  cool. 
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267.  \yhat  are  the  woret  conductors  of  heat? 
A.  All  light  and  porous  bodies,  such  aa 
hair,  fur,  wool,  charcoal,  and  so  on. 

Two  of  the  worst  conductors  known  are  hare's  fur  and  eiiier-dowu : 
the  two  next  worst  me  Ijanvcr's  fur  und  nin  silk  ;  then  wood  and 
lamp-bluck;  then  cotton  and  finu  Iml;  then  chnrcM  wjud-a,Ebe3,  Ac. 

268(  Why  do^  a  piece  of  wood  hlazing  at  one  ead 
not  feel  hot  at  the  other  ? 

A.  Because  wood  is  so  bad  a  conductor 
that  heat  does  not  traverse  freely  through  it: 
hence,  though  one  end  of  a  stick  be  blazing, 
the  other  end  may  be  quite  cold. 

289.  Why  does  hot  metal  feel  more  intensely  warm 
than  hot  wool  ? 

A.  Because  metal  gives  out  a  much  greater 
quantity  of  heat  in  the  same  space  of  time, 
and  the  influx  of  heat  is,  consequently,  more 
perceptible. 

270t  Why  does  money  in  our  pocket  feel  very  hot 
when  we  stand  before  a  fire? 

A.  Because  metal  is  an  excellent  conductor, 
and  rapidly  becomes  heated.  For  the  same 
reason,  it  rapidly  becomes  cold  whenever  it 
comes  in  contact  with  a  body  colder  than 
itself. 

271.  AVhy  doesapoter.  resting  on  a  fender,  feel  colder 
than  the  hearth-rug,  whieh  is  farther  off  the  fire? 

A.  Because  the  poker  is  an  excellent  con- 
ductor, and  draws  heat  from  the  hand  much 
more  rapidly  than  the  woollen  hearth-rug, 
which  is  a  very  bad  conductor.  Though  both. 
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therefore,  are  equally  warm,  the  poker  seems 
to  be  the  colder. 

272t  Why  does  an  iron  pump-handle  feel  intensely 
cold  in  winter  ? 

A.  Because  it  is  an  excellent  conductor,  and 
draws  off  the  heat  of  our  hand  so  rapidly  that 
the  sudden  loss  produces  a  sensation  of  intense 
coldness. 

27Si  Is  the  iron  handle  of  the  pump  really  colder  than 
the  wooden  punip  itself? 

A.  No :  every  inanimate  substance  exposed 
to  the  same  temperature  possesses  in  reality 
the  same  degree  of  heat. 

27li  Why  does  the  iron  handle  seem  so  much  colder 
than  the  wooden  pump  ? 

A.  Merely  because  the  iron  is  a  better  con- 
ductor, and  therefore  draws  off  the  heat  from 
our  hand  more  rapidly  than  wood'does. 

275i  Why  doe^  a  stone  or  marble  hearth  feel  colder 
to  the  feet  than  a  carpet  or  hearth-rug? 

A.  Because  stone  and  marble  are  good  con- 
ductors, but  woollen  carpets  and  hearth-rugs 
are  very  bad  conductors. 

278.  How  docs  the  stone  hearth  make  our  feet  coid  ? 

A.  As  soon  as  the  hearth-stone  has  absorbed 
a  portion  of  heat  from  our  foot,  it  instantly 
disposes  of  it  and  calls  for  a  fresh  supply,  till 
the  hearth-stone  has  become  of  the  same  tem- 
perature as  the  foot  placed  upon  it. 
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277t  Do  not  alao  the  woollen  carpet  and  liearth-ruH 
coaduct  heat  from  the  human  body  ? 

A,  Yes ;  but,  being  very  bad  conductors, 
tlicy  convey  the  heat  away  so  slowly  that 
the  loss  is  scarcely  perceptible, 

278t  Is  the  eold  hearth-stone  in  reality  of  the  same 
tempera  tuTO  as  the  wami  caqiet? 

A.  Yes  :  every  thing  in  the  room  is  really 

of  one  temperature,  but  some  things  feel 
colder  than  others,  because  they  are  better 
conductors. 

279.  How  long  will  the  hearth-stone  feel  eold  to  the 
feet  resting  on  it  ? 

A.  Till  the  feet  and  the  hearth-stone  are 
of  the  same  temperature ;  and  then  the  sen- 
sation of  cold  in  the  hearth-stone  will  subside. 

280t  Why  would  not  the  hearih-stone  feel  cold  when 
it  is  of  the  ^ame  temperature  as  our  feet  ? 

A,  Because  the  heat  would  no  longer  rush 
out  of  our  feet  into  the  hearth-stone,  in  order 
to  produce  equilibrium. 

281.  Why  does  the  hearth-stone  (when  the  fire  is 
lighted)  feel  hotter  than  the  hearth-mg  ? 

A.  Because  the  hearth-stone  is  an  excellent 
conductor,  and  parts  with  its  heat  very  readily; 
but  the  woollen  hearth-rug  (being  a  bad  con- 
ductor) parts  with  its  heat  very  slowly. 

282.  IVhy  does  parting  with  heat  rapidly  make  the 
hearth-stone  feel  warm  ? 

A.  Because  the  rapid  influx:  of  heat  raises 
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the  temperature  of  our  body  so  suddenly  that 
we  cannot  help  perceiving  the  increase. 

283<  Why  does  the  non-conducting  power  of  the 
hearth-rug  prevent  its  feeling  so  liot  as  it  really  is '! 

A.  Because  it  parts  with  its  heat  so  slowly 
and  gradually  that  we  scarcely  perceive  its 
transmission  into  our  feet. 

284t  Why  arc  cooking- vessels  oft«n  furnished  with 
wooden. handles  ? 

A.  Because  wood  is  not  a  good  conductor, 
like  metal ;  and  therefore  wooden  handles 
prevent  the  heat  of  the  vessel  from  rushing 
into  our  hands  to  burn  them. 

285.  Why  is  the  hiindle  of  a  metal  teajiot  uiade  of 

A.  Because  wood  is  a  bad  conductor : 
therefore  the  heat  of  the  boihng  water  is 
not  so  quickly  conveyed  to  our  hand  by  a 
wooden  handle  as  l)y  one  made  of  metal. 


A.  Because  metal  is  an  excellent  conduc- 
tor :  therefore  the  heat  of  boiling  water 
would  rush  so  quickly  into  the  metal  handle 
that  it  would  bum  the  hand, 

287.  Prove  that  a  metal  handle  would  be  liotter  than 
a  wooden  one. 

A.  If  we  touch  that  portion  of  the  meta! 
into  which  the  wooden  handle  is  fixed,  we 
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shall  find  that  the  wooden  handle  feels  cold, 
but  the  metal  intensely  hot, 

288>  When  wo  plunge  our  hands  into  a  basin  of  water, 
irhy  does  it  produce  a  aonsation  of  cold  ? 

A.  Because  water  is  a  better  conductor 
than  air,  and,  as  it  draws  off  the  heat  from 
i)ur  hands  more  rapidly,  it  feels  colder. 

289t  Why  does  the  conducting  power  of  water  make 
t  feel  colder  thaa  air  ? 

A.  Because  it  abstracts  heat  from  our  hands 
so  rapidly  that  we  feel  its  loss ;  but  the  air 
abstracts  heat  so  very  slowly  that  its  gradual 
loss  is  hardly  perceptible. 

290i  Is  water  a  good  eonduetor  of  licat  ? 

A.  No :  no  liquid  is  a  good  conductor  of 
heat;  but  water  is  a  much  better  conductor 
than  air. 

291.  Why  is  water  a  hettur  conductor  of  heat  than 
air? 

A.  Because  it  is  more  dense  than  air;  and 
the  conducting  power  of  any  substance  de- 
pends upon  its  solidity,  or  the  closeness  of 
its  particles. 

292.  How  do  jOTi  know  that  water  is  not  a  good  con- 
ductor  of  heat? 

A.  Because  it  may  be  made  to  boil  at  its 
surface,  without  imparting  sufficient  heat  to 
melt  ice  a  quarter  of  an  inch  below  the 
surface. 

293.  Why  are  not  liquids  good  conductors  of  heat  ? 
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A.  Because  the  heat  which  should  be 
transmitted  produces  evaporation,  and  fllea 
off  in  the  vapor. 

294.  Why  are  liot  brieka  wrapped  in  cloth  employed 
in  cold  weather  to  keep  the  feet  waru  ? 

A.  Because  bricks  are  bad  conductors  of 
heat,  and  cloth  or  flajincl  still  worse;  in 
consequence  of  which,  a  hot  brick  wrapped 
in  flannel  will  retain  its  heat  a  very  long 
time. 

295t  How  is  a  room,  warmed  by  a  stove  ? 

A.  The  air  nearest  the  fire  is  made  hot 
first,  and  rises;  cold  air  then  descends,  is 
heated,  and  ascends  in  like  manner;  and  this 
interchange  goes  on  till  aU  the  air  of  the 
room  is  wanned. 

296>  If  air  be  a,  had  conductor  of  heat,  why  should 
wo  not  feci  as  warm  without  clothing  as  whoa  we  are 
wrapped  in  wool  and  fur  ? 

A.  Because  the  air  (which  is  cooler  than 
our  body)  is  never  at  rest ;  and  every  fresh 
particle  of  air  draws  off  a  fresh  portion  of 
heat. 

297.  Why  are  woolleDs  and  furs  used  for  clothing  in 
cold  weather? 

A.  Because  they  are  very  bad  conductors 
of  heat,  and  therefore  prevent  the  warmth 
of  the  body  from  being  drawn  off  by  the  cold 
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298.  Do  not  woollens  and  furs  actually  imparl  heat 
to  the  body  ? 

A.  No ;  they  merely  prevent  the  heat  oi 
the  body  from  escaping, 

299t  Where  would  the  heat  escape  to  if  tbe  body 
were  not  wrapped  in  wool  or  fur? 

A.  The  heat  of  the  body  would  fly  off  into 
the  air ;  for  the  cold  air  (coming  in  contact 
with  the  body)  would  gradually  draw  away 
its  heat  till  it  was  as  cold  as  the  air  itself. 

300.  What,  then,  is  the  principal  use  of  clothing  in 
ffinter-time  F 

A.  1st.  To  prevent  the  animal  heat  from 
escaping  too  freely ;  and, 

2d.  To  protect  the  body  from  the  external 
air,  (or  wind,)  which  would  carry  away  its 
heat  too  rapidly. 


A.  Because  fur,  hair,  wool,  and  feathers 
are  very  slow  conductors  of  heat ;  and,  as 
dumb  animals  cannot  be  clad  like  human 
6eings,  God  has  given  them  a  robe  of  hair  or 
wool  to  keep  them  warm. 

303>  Why  are  wool,  fur,  hair,  and  feathers  such  slow 
conductors  of  heat  ? 

A.  Because  a  great  quantity  of  air  lurks 
betwoen  the  fibres;  and  air  is  a  very  bad  con- 
iuct'jr  of  heat. 
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303>  Why  is  moderately  loose  clothing  warmer  than 
that  which  fits  tightly? 

A.  Because  air  is  a  bad  conductor;  and  the 
quantity  of  air  confined  between  our  bodies 
and  clothing  prevents — 

1st.  The  heat  of  our  bodies  from  escaping; 
and, 

2d.  The  external  air  from  coming  into  con- 
tact with  our  bodies. 

But  if  our  clothing  is  sufficiently  loose  to 
admit  of  a  free  circulation  of  air,  we  shall 
feel  cold ;  and,  on  the  contrary,  if  it  fits  very 
tightly,  it  impedes  the'free  circulation  of  the 
blood,  and  we  feel  cold. 

soil  Does  not  the  had  conducting  power  of  air  cnahle 
persons  to  judge  whether  an  egg  be  new  or  stale? 

A.  Yes.  Touch  the  larger  end  of  the  shell 
with  your  tongue  :  if  it  feels  warm,  the  egg 
is  stale  ;  if  not,  it  is  new-laid. 


A.  Because  the  thick  end  of  an  egg  con- 
tains a  small  quantity  of  air  between  the 
shell  and  the  white :  when  the  egg  is  stale, 
the  whitfi  shrinks,  and  the  confined  air  ac- 
cordingly expands,  breaks  the  membrane 
which  surrounds  the  contents  of  the  egg, 
and  permits  them  to  come  in  contact  with 
the  shell. 

306.  AVhy  do  we  feci  colder  in  windy  weather  than 
0 1  a  calm  day  ? 
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A.  Because  the  particles  of  air  pass  over 
us  more  rapidly,  and  every  fresh  particle 
takes  from  us  some  portion  of  heat. 

307i  Why  do  the  inhabitaats  of  the  Polar  regions 
wear  skins  with  the  fur  inward  ? 

A.  Because  the  dry  skin  prevents  the  wind 
from  penetrating  to  their  body,  and  the  air 
between  the  hairs  of  the  fur  soon  becomes 
heated  by  the  body;  in  consequence  of  which 
the  Laplander  in  his  fur  is  clad  in  a  case  of 
hot  air,  impervious  to  the  cold  and  wind. 

308>  Show  the  wisdom  of  God  in  making  the  air  a 
bad  conductor. 

A.  If  air  were  a  good  conductor,  (like  iron 
and  stone,)  heat  would  be  drawn  so  rapidly 
from  our  body  that  we  should  be  chilled  to 
death.  Similar  evils  would  be  felt  by  all  the 
animal  and  vegetable  world. 

S09.  Why  are  rooms  much  warmer  for  being  furnished 
with  double  doors  and  windows  ? 

A.  Because  air  is  a  bad  conductor;  and  the 
air  confined  between  the  double  doors  and 
windows  opposes  both  the  escape  of  warm 
air  out  of  the  room  and  of  cold  air  into  the 
room. 

SlOi  Why  is  a  room  warmer  when  the  window-curtains 
ore  drawn  or  the  shutters  sKut  ? 

A.  Because  air  is  a  bad  conductor;  and  tlie 
air  confined  between  the  curtains  or  shutters 
and  the  window  opposes  both  the  escape  of 
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warm  air  out  of  the  room  and  of  cold  air  into 
it. 

Sill  Why  does  a  linen  shirt  fee!  colder  than  a  cotton 
one? 

A.  Because  linen  is  a  much  better  con- 
ductor than  cotton,  and  therefore  (as  soon  as 
it  touches  the  body)  it  draws  away  the  lieat 
more  rapidly,  and  produces  a  greater  sensa^ 
tion  of  cold. 


A.  Because  the  fine  fibres  of  the  linen  have 
a  strong  capillary  attraction  for  moisture,  and 
are  excellent  conductors  of  heat;  in  conse- 
quence of  which,  the  moisture  and  heat  are 
abstracted  from  the  face  by  the  linen,  and  a 
sensation  of  coolness  is  produced. 

''Capillary  attrattion,"  i.s.  tte  attraction  of  a  thread  or  liair.  Tho 
Tick  uf  a  candle  is  wet  witli  greu?e,  beoause  Uie  melted  talluvi  runji 


A.  Because  the  coarse  fibres  of  cotton  have 
very  little  capillary  attraction  and  are  very 
bad  conductors ;  in  consequence  of  which, 
the  heat  of  the  face  would  be  increased, 
rather  than  diminished,  by  the  use  of  a  cot^ 
ton  handkerchief 

3I4>   Is  the  earth  a  good  conductor  of  heat? 

A.  No :  the  earth  is  a  very  bad  conductor 
of  heat. 
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3I5>  Why  is  the  earth  a  bad  conductor  of  heat  ? 

A.  Because  its  particles  are  not  continuous; 
and  the  power  of  conducting  heat  depends 
upon  the  continuity  of  matter. 

316.  Why  ia  the  earth  below  the  surface  warmer  in 
wiut^r  than  the  surface  itself? 

A.  Because  the  earth  is  a  bad  conductor  of 
heat ;  and  therefore,  although  the  ground  be 
frozen,  the  frost  never  penetrates,  in  our  lati- 
tude, more  than  a  few  inches  below  the  sur- 
face. 

In  high  latitudes,  the  eartli  ia  froien  to  the  depth  of  several  feet. 

317t  Why  is  the  earth  below  the  surface  cooler  in 
than  the  surface  itself? 


A.  Because  the  earth  is  a  bad  conductor  of 
heat ;  and  therefore,  although  the  surface  be 
scorched  by  the  burning  sun,  the  intense 
heat  cannot  penetrate  to  the  roots  of  large 
plants  and  trees. 

318.  Show  the  wisdom  of  Gud  in  ma.king  the  earth  a 
bad  conductor. 

A.  If  the  heat  and  cold  could  penetrate 
the  earth  as  freely  as  the  heat  of  a  fire  pene- 
trates iron,  the  springs  would  be  dried  up  in 
summer  and  frozen  in  winter,  and  all  vege- 
tation woTild  perish. 

319>  Why  does  the  Bible  say  that  God  "giveth  snow 
like  wool"  ? 

A.  Because  snow  (being  a  very  bad  con- 
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ductor  of  heat)  protects  vegetables  and  seeds 
irom  the  frost  and  cold. 

320t  How  does  the  non-con ductiDg  power  of  sdow 
protect  TCgeiiibles  from  the  frost  and  cold  ? 

A.  It  prevents  the  heat  ^  i  the  earth  from 
being  drawn  off  by  the  coid  air  which  rests 
upon  it, 

32lt  Why  is  water  from  a  spring  always  cool,  even  in 
Bammer  ? 

A.  Because  the  earth  is  so  bad  a  conduc- 
tor that  the  burning  rays  of  the  sun  can 
penetrate  only  a  few  inches  below  the  sur- 
face ;  in  consequence  of  which,  the  springs  of 
water  are  not  affected  by  the  heat  of  suztmcr. 

S22f  Why  is  it  cool  under  a  shady  tree  on  a  hot  sum- 
mer's day  ? 

A.  Ist.  Because  the  overhanging  foliage 
screens  off  the  rays  of  the  sun  ; 

2d.  As  the  rays  of  the  sun  are  warded  off, 
the  air  beneath  the  tree  is  not  heated  by  the 
reflection  of  the  earth  ;  and, 

3d.  The  leaves  of  the  trees,  being  non-con- 
ductors, allow  no  heat  to  penetrate  tlieni. 

!  paper  or  woollen  kettle- 


A,  Because  paper  and  woollen  are  both 
very  bad  conductors  of  heat;  in  consequence 
of  which,  the  heat  of  the  kettle  does  nos 
readily  pass  through  them  to  the  hand. 
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324.  Doea  the  huat  of  the  boiling  kettle  DGver  gel 
through  tlie  woollen  or  paper  kettle-holder? 

A.  Yes ;  but,  though  the  kettle-holder 
became  as  hot  as  the  kettle  itself,  it  would 
never  feel  so  hot. 

325i  "Why  would  not  the  kettle-holder  feel  so  hot  as 
the  kettle,  when  both  are  of  the  same  temperature? 

A.  Because  it  is  a  very  bad  conductor,  and 
disposes  of  its  heat  too  slowly  to  be  percept 
ible;  but  metal,  being  an  excellent  conduc- 
tor, disposes  of  its  heat  so  quickly  that  the 
sudden  influx  is  painful. 

336t  Why  is  the  lid  of  a  kettle  intensely  hot  when 
the  watet  boils  ? 

A.  Because  the  bright  metal  lid  is  an  ad- 
mirable conductor;  and  therefore  the  heat 
from  the  boiling  water  rushes  into  the  hand 
the  moment  we  touch  it. 

327«  Why  are  ice-houses  lined  with  straw,  and  gene- 
rally whitewashed  oq  the  outside? 

A.  1st.  Because  straw  is  a  very  bad  con- 
ductor of  heat,  and  therefore  prevents  the 
external  heat  from  getting  to  the  ice;  and, 

2d.  The  whitewashed  roof  and  walls  pre- 
vent the  absorption  6t  heat. 

II  the  surfii.ee  of  water  pro- 

A.  Because  oil  is  a  bad  conductor,  and  pre- 
vents heat  from  leaving  the  water. 
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339>  A  silver  teaspoon  becomes  more  heated  by  hot 
tea  than  one  of  inferior  metal,  (as  German  silver,  pewter, 
&-e. :)  why  is  this? 

A.  Because  silver  is  a  better  conductor  than 
'[/erman  silver  or  pewter, 

Germiin  ailreria  cumposed  of  Slj  partB  of  niokel,  25i  of  lino, 
40J  i.f  oopper,  and  2i  i>f  iron. 

Pewter  ia,  generally  apeoking,  an  alio?  of  tin  and  lead,— sometunei 
wilh  a  little  antimony  or  cupper  combined  in  differeut  proportions, 
aceording  to  the  purposes  fgr  which  it  is  deaignod. 

330<  Why  does  a  metal  spoon  left  in  a  saucepan  rfc. 
tard  the  process  of  boiling? 

A,  Because  the  metal  spoon  (being  an  ex- 
cellent conductor)  carries  ofF  the  heat  from 
the  water;  and,  as  heat  is  carried  off  by  the 
spoon,  the  water  takes  a  longer  time  fo  boil. 

331i  Why  does  paint  preserve  wood? 

A.  1st.  Because  it  covers  the  surface  of  the 
wood,  and  prevents  both  air  and  damp  from 
penetrating  into  the  pores ; 

2d.  Because  paint,  (especially  white  paint,) 
being  a  bad  conductor,  keeps  the  wood  at  a 
more  uniform  temperature ;  and, 

3d.  Because  it  fills  up  the  pores  of  the 
wood,  and  prevents  insects  and  vermin  from 
harboring  in  it  and  eating  up  the  fibre, 

332i  Why  are  the  poker  and  tongs  intensely  hot 
when  they  rest  against  the  stove  which  contains  a  good 
fire? 

A.  Because  they  are  excellent  conductors 
of  heat,  and  draw  it  rapidly  from  the  stovo 
with  which  they  are  in  contact. 
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333.  ^Vliy  are  furnaces  and  Ktoves  built  of  bricks? 
A.  Because  bricks  are  bad  conductors,  and 

prevent  the  escape  of  heat;  in  consequence 
of  which,  they  are  employed  where  great 
heat  is  required. 

334.  If  a  stave  be  placed  in  the  middle  of  a  room, 
should  it  be  made  of  bricks  or  iron  ? 

A..  A  stove  in  the  middle  of  a  room  should 
be  made  of  iron,  because  iron  is  an  excellent 
conductor  and  rapidly  communicates  heat  to 
the  air  around. 


§  n.- 
335i  What  ia  meant  by  the  convection  of  heat  ? 

A.  Heat  communicated  by  being  carried 
to  another  thing  or  place;  as  the  hot  water 
resting  on  the  bottom  of  a  kettle  carries  heat 
to  the  water  through  which  it  ascends. 

SS6t  Are  liquids  ^ood  conductors  of  heat? 

A.  No :  liquid"  nre  bad  conductors,  and 
are,  therefore,  made  hot  by  convection. 

337.  TVhy  are  liquids  bad  conductors  of  heat? 

A.  Because  heat  converts  a  liquid  into 
steam,  and  flies  off  with  the  vapor  instead 
of  being  conducted  through  the  liquid. 

S38.  Explain  how  water  is  made  hot. 

A.  The  water  nearest  the  fire  is  first 
heated,  and  rises  to  the  top ;  while  its  place 
is  supplied    by   colder  portions,   which   are 
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huated,  in  turn,  till  all  the  water  is  boiling 

will  be  underBtuod  by  refereute  tu  Pig.  1. 

S39>  Why  is  water  in  continual  motion 
when  it  is  boiling  ? 

A.  This  commotion   is  maml>  I 
produced    by   the  ascendmg   and  ^ 
descending   currents    of  hot    ^nd 
cold  water,  and  by  the  eiscape  ot 
steam. 

340.  How  do  those  two  currenfa  pass  each  other  ? 

A.  The  hot  ascending  current  rises  through 
the  centre  of  the  mass  of  water,  while  the 
cold  descending  currents  pass  down  by  the 
metal  sides  of  the  kettle. 

3tl<  Why  is  heat  applied  to  the  bottom,  and  not  to 
the  top,  of  the  kettle  ? 

A.  Because  the  heated  water  always  as- 
cends to  the  surface,  heating  the  water 
through  which  it  passes  :  if,  therefore,  heat 
were  applied  to  the  top  of  a  vessel,  the  water 
below  the  surface  wol  Id  not  be  heated. 

542.  As  the  lower  part  of  a  grate  is  made  red-hot  hy 
the  fire  above,  why  would  not  the  water  boil  if  fire  were 
applied  to  the  top  of  a  kettle  ? 

A.  The  iron  of  a  grate  is  an  excellent 
conductor :  if,  therefore,  one  part  be  heated, 
the  heat  is  conducted  to  every  other  part. 
But  water  is  a  very  bad  conductor,  and  will 
not  ditfuse  heat  in  a  similar  way. 
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31Si  Prove  that  water  is  a  bad  conductor  of  heat. 

A.  -When  a  blacksmith  immerses  red-hot 
iron  in  a  tank  of  water,  the  water  which 
surrounds  the  iron  is  made  boiling  hot,  while 
that  below  the  surface  remains  quite  cold. 

344a  If  you  wish  to  cool  liquids,  where  should  the 
cold  be  apphcd  ? 

A.  To  the  surface  of  the  liquid;  because 
the  cold  portions  will  always  descend,  and 
allow  the  warmer  parts  to  come  in  contact 
with  the  cooling  substance. 

345i  Does  boiling  wat«r  get  hotter  by  being  kept  on 
the  fire  ? 

A.  No;  not  if  the  steam  be  suffered  to 
escape. 

346>  Why  does  not  boiling  water  get  hotter  if  the 
steam  be  suffered  to  escape  ? 

A.  Because  the  water  is  converted  into 
steam  as  fast  as  it  boils;  and  the  steam 
carries  away  the  additional  heat. 

347>  Why  does  soup  keep  hot  longer  than  boiling 
water? 

A.  Because  the  grease  and  various  ingre- 
dients floating  in  the  soup  oppose  the  ascend- 
ing motion  of  the  hot  particles,  and  prevent 
their  rising  freely  to  the  surface. 

318t  If  you  wanted  to  keep  water  hot  for  a  long 
time,  how  could  it  be  done  ? 

A.  By  adding  a  little  starch  or  flour  to 
the  water. 
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349t  Why  would  a  little  starch  added  to  boiling 
water  serve  to  keep  it  hot? 

A.  Because  it  would  oppose  the  ascend- 
ing motion  of  the  hot  particles  of  water,  and 
prevent  their  rising  freely  to  the  surface. 

350i  Why  do  chocolate,  Indian-mush,  &o.  remain 
hot  longer  than  water  ? 

A,  !gecause  the  ascending  motion  of  the 
hot  particles  is  opposed  by  the  mush  or 
chocolate,  and  cannot  so  quickly  reach  the 
surface. 

35l>  How  is  air  heated? 

A.  By  "convectivc  currents," 

352.  Explain    what   is    meant  by   "eonvective   cnr- 

A.  When  a  portion  of  air  is  heated,  it 
rises  in  a  current,  carrying  the  heat  with  it ; 
other  colder  air  succeeds,  and,  being  heated 
in  a  similar  way,  ascends  also :  these  ai'e 
called  "convective  currents." 


353>  Is  air  heated  by  the  rays  of  the  sun  ? 

A.  No  :  air  is  not  heated,  in  any  sensible 
degree,  by  the  action  of  the  sun's  rays  pass- 
ing through  it. 

351.  Why,  theiJ,  is  tlw  air  hotter  on  a  fiuniij  diiy  than 
on  a  cloudy  one  ? 

A.  Because  the  sun  heats  the  surface  of 
the  earth,  and  the  air  resting  on  the  earth 
is  heated  b-,"  contact :  as  soon  its  it  is  heated 
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it  ascends;  while  its  place  is  supplied  bj 
colder  portions,  which  are  heated  in  turn 
also. 

355i  If  air  be  a  bad  conductor,  why  does  hot  iron 
become  cold  by  exposure  to  tlie  air  ? 

A.  Because  it  is  made  cold — 

Ist.  By  "  convection ;"  and, 

2d.  By  "radiation." 

356i  How  is  hot  iron  made  cold  by  convection  ? 

A.  The  air  resting  on  the  hot  iron  (being 
intensely  heated)  rapidly  ascends  with  the 
heat  it  has  absorbed ;  colder  air  succeeding 
absorbs  more  heat  and  ascends  also ;  and 
this  process  is  repeated  till  the  hot  iron  is 
completely  cooled. 

S57t  How  is  broth  cooled  by  being  left  exposed  to 
the  air? 

A,  It  throws  off  some  heat  by  radiation; 
but  it  is  mainly  cooled  by  convection. 

S58.  How  is  hot  broth  cooled  by  convection  ? 

A.  The  air  resting  on  the  hot  broth 
(being  heated)  ascends;  colder  air  succeed- 
ing absorbs  more  heat,  and  ascends  also ;  and 
this  process  is  repeated  till  the  broth  is  made 
cool. 


359*  Why  are  hot  tea  and  broth  cooled   fiistor  h-j 
beins  stirred  ? 
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A.  1st.   Because    the  agitation    assists  in 

bringing  its  liottest  particles  to  tlic  surface; 

2d.  The  action  of  stirring  agitates  the  air, 
and  brings  it  more  quickly  to  the  broth  or 
tea;  and, 

3d.  As  the  hotter  particles  are  more  rapidly 
brought  into  contact  with  the  air,  therefore 
convection  is  more  rapid. 

Bluwing  Ita  or  brolb  oooIb  it  on  the  Bamo  principle. 

380.  If  a  shutter  be  closed  during  the  day,  the 
stream  of  liglit  iiiercing  through  the  crevice  seems  iu 
constant  agitation  :  wliy  is  this? 

A.  Because  little  motes  and  particles  of 
dust,  thrown  into  agitation  by  the  violence 
of  the  convective  currents,  are  made  visible 
by  the  strong  beam  of  light  thrown  into  the 
room  through  the  crevice  of  the  shutter. 

3Slt  When  potatoes  are  boiled,  why  are  those  at  the 
top  of  the  boiler  cooked  sooner  than  those  nearer  the 
firo? 

A.  1st.  Because  the  hottest  particles  of 
the  water  rise  to  the  top  of  the  boiler,  and 
the  coldest  particles  sink  to  the  bottom; 
and, 

2d.  Because  the  top  of  the  boiler  is  always 
enveloped  with  very  hot  escaping  steam ;  in 
consequence  of  which,  the  potatoes  at  the 
top  are  subjected  to  more  intense  heat  than 
those  at  the  bottom  of  the  boiler. 

382i  Why  does  milk  boil  more  quickly  than  water  ? 

A.  Milk   is  a  thicker  liquid    than  water, 
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and  consequently  less  steam  escapes  through 
the  milk  than  through  the  water:  therefore 
the  heat  of  the  whole  mass  of  the  milk  rises 
more  quickly. 

363>  Can  any  other  reason  bo  assigned  why  milk  boila 
(OOner  than  water? 

A.  As  soon  as  the  milk  becomes  heated,  a 
thin  skin  forms  over  the  surface  of  the  milk, 
which  prevents  the  escape  of  the  steam,  and 
therefore  heats  the  mass  of  the  milk  more 
quickly. 

SECTIOH  III.-CHA1TGE  OF  STATE, 

364.  What  doo3  change  of  state  mean  ? 

A.  The  change  which  a  substance  under- 
goes on  exposure  to  heat :  thus,  cold  water 
may  be  made  to  boil,  or,  if  the  temperature 
be  reduced,  to  freeze.  Some  solid  substances, 
such  as  wax,  or  metals,  change  their  state 
and  liquefy  by  heat. 

365.  Why  does  melted  wax  become  hard  when 
cold? 

A.  Because  the  particles  collapse,  and, 
being  packed  more  closely  together,  form  a 
solid, 

366.  What  is  the  difference  between  a  liquid  and  a 
solid? 

A.  In  a  solid  the  particles  adhere  more 
closely  than  in  a  liquid.  The  tendency  of 
heat  is  to  drive  particle.s  of  matter  asunder: 
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it  thus  liquefies  solids  by  separating  the  par- 
ticles of  which  they  are  composed, 

367i  Why  will  hot  iron  bend  more  easily  than  cold  ? 

A.  Because  it  is  not  so  solid.  The  particles 
are  driven  farther  apart  by  heat,  and  the 
attraction  of  cohesion  is  thereby  weakened : 
therefore  the  particles  can  be  made  to  move 
on  each  other  more  readily. 

nyf 

A.  The  particles  would  bo  driven  so  far 
asunder  as  to  cause  the  iron  to  liquefy,  in 
which  state  the  particles  move  among  each 
other  with  but  little  resistance. 

36d>  Why  are  some  substances  solid,  others  liquid, 
and  others  gaseous  ? 

A.  Because  the  particles  which  compose 
some  substances  are  nearer  together  than 
they  are  in  others.  Those  in  which  the 
particles  are  closest  are  solid ;  those  in  which 
they  are  farthest  apart  are  gaseous ;  and  the 
rest  are  liquid. 

370i  Why  does  heat  change  a  solid,  like  iee,  flrat  into 
a  liquid,  and  then  into  a  gas  ? 

A.  Because  heat  drives  the  component 
particles  farther  asunder :  hence  a  certain 
quantity  of  heat  changes  solid  ice  into  a 
liquid,  and  a  further  addition  of  heat  changes 
the  liquid  into  steam. 
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37li  Is  steam  visible  or  invisible? 

A.  Steam  is  invisible  ;  but  when  it  comes 
in  contact  with  the  air,  being  condensed 
into  small  drops,  its  vapor  instantly  becomes 
visible. 

372.  How  do  jou  know  that  steam  is  invisible  ? 

A.  If  you  look  at  the  spout  of  a  boiling 
kettle,  you  will  find  that  tlie  steam  which 
issues  from  the  spout  is  invisible  for  about 
half  an  inch ;  after  which  its  vapor  becomes 
visible. 

373.  Why  is  the  stfiam  invisible  for  half  an  inch  ? 
A.  Because  it  is  not  condensed  by  the  air 

as  it  issues  from  the  spout;  but  when  it 
spreads  and  comes  in  contact  with  a  larger 
volume  of  air,  the  invisible  steam  is  readily 
condensed  into  visible  drops. 

37l>  Why  do  steam-engines  sometimes  burst,  or  blow 

A.  Because  steam  is  very  elastic;  and 
this  elasticity  increases  in  a  greater  pro- 
portion than  the  heat  which  produces  it :  un- 
less, therefore,  some  vent  be  freely  allowed, 
steam  will  burst  the  vessel  which  confines  it. 

§  I. LATENT   HEAT. 

375.  Why  does  steam  burn  so  much  more  severely 
than  boiling  water  ? 

A.  Steam  condenses  as  soon  as  it  is  ex- 
posed to  the  cold,  and  gives  out  all  the  heat 
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by  which  it  was  produced  :  therefore,  as  one 
thousand  degrees  of  heat  become  .latent  in 
steam,  it  gives  out  that  amount  when  con- 
densed, which  is  much  greater  than  the  heat 
of  boiling  water. 

376.  Is  there  heat  even  in  ice  ? 

A.  Yes;  but  it  is  latent, — that  is,  not  per- 
ceptible to  our  senses. 

"LtttCDl,"  from  the  Latin  word  Inieo,  to  lie  hid. 

377i  How  do  you  know  there  is  heat,  if  you  cannot 
perceive  it? 

A.  The  temperature  of  ice  is  32°  by  the 
thermometer ;  but  if  ice  be  melted  over  a 
fire,  (although  140°  of  heat  are  absorbed  by 
the  process,)  it  will  feel  no  hotter  than 
before. 

S78i  What  becomes  of  the  140°  of  heat  which  went 
into  the  ice  to  melt  it? 

A.  It  is  hidden  in  the  water ;  or,  to  speak 
more  scientifically,  it  is  stored  up  in  a  latent 

Btate. 

379>  How  much  heat  may  be  thiis  secreted  or  made 
latent  ? 

A.  All  things  contain  a  vast  quantity  of 
latent .  heat ;  but  as  much  as  1140°  of  heat 
may  remain  latent  in  water. 

380i  How  can  1140°  of  heat  he  added  to  water  with- 
out being  perceptible  to  our  feelings  ? 

A,  1st.  140°  of  heat  are  hidden  in  water 
when  ice  is  melted  by  the  sun  or  fire ; 
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2d.  1000°  more  of  heat  are  secreted  when 
water  is  converted  into  steam,  Tlius,  before 
ice  is  converted  into  steam,  1140°  of  heat 
become  latent. 

!r  (212"  aoeording  l»  the  Ihrirraomctor)  wl.l 


38l>  Why  does  cold  water  poured  on  !ime  make  it 
intensely  hot  ? 

A.  Because  heat  is  evolved  by  the  chemical 
action  which  takes  place  when  the  cold 
water  combines  with  the  lime. 

Heat  h  slways  evolved  when  a  fluid  w  eanrcrted  into  e,  eoUd 
form.  Host  is  always  ah9»r)»il  wlien  a,  soliil  in  uLangod  into  a  liquid 
state.  As  the  nater  in  changed  from  lis  liquid  form  nheti  it  is  taken 
"p  by  tho  limo,  therefore  heat  ia  given  off. 

382.  Where  does  the  heat  come  from  ? 

A.  It  was  in  the  water  and  lime  before, 
but  was  in  a  latent  state. 

383t  Waa  there  heat  in  the  cold  water  and  lime 
before  they  were  mixed  together  ? 

A.  Yes  :  all  bodies  contiiin  heat, — the  cold- 
est ice  as  well  as  the  hottest  fire. 

384i   Explain  by  illustration  what  you  mean. . 

A.  Water  is  cold,  and  sulphuric  acid  is 
cold;  but  if  these  two  cold  liquids  be  mixed 
together  they  will  produce  intense  heat. 
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S85.   "W'hat  is  ebullition? 

A.  Ebullition,  or  boiling,  is  occasioned  by 
the  formation  of  bubbles  of  vapor  within  the 
body  of  tlie  evaporating  liquid,  which,  by 
reason  of  their  lightness,  rise  to  the  surface 
and  then  break. 

386.   Do  ull  liquicls  b  >il  at  the  same  temperature  ? 

A.  No :  the  boiling-point  occurs  in  differ- 
ent liquids  at  very  different  temperatures. 

387t  What  is  meant  by  the  boiling-point? 

A.  The  temperature  at  which  liquids 
become  gaseous. 

388.  Why  does   milk  boil  over   more   readily  than 

A.  Because  the  steam  is  retained  in  the 

boiling  milk  by  a  thin  skin,  or  scum,  which 
forms  on  the  surface.  The  accumulation  of 
steam  finally  bursts  this  scum,  and  in  its 
eacape  carries  with  it  the  boiling  milk. 

389.  Why  does  water  simmer  before  it  boils  ? 

A.  Because  the  particles  of  water  near 
the  bottom  of  the  Itettle,  being  formed  into 
steam  sooner  than  the  rest,  shoot  upward, 
but  are  condensed  again,  as  they  rise,  by  the 
cold  water,  and  produce  what  is  called 
"  simmering." 

3fl0,   What  is  meant  by  simmering? 

A.   A  srentle  tremor  or  undulation  on  the 
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surface  of  tlie  water.  When  water  dimmers, 
tlie  bubbles  collapse  beneath  the  surface,  and 
the  steam  is  cotidensed  to  water  again ;  but 
when  water  boils,  the  bubbles  rise  to  the 
surface,  and  the  steam  is  thrown  off. 


S9I.   Why  does  a  kettle  sing  when  the  water  simmers? 

A.  Because  the  air  contained  in  the  water 
escapes  by  fits  and  starts  through  the  spout 
of  the  kettle,  which  makes  a  noise  like  the 
sound  of  a  wind-instrument, 

392i  Why  docs  not  a  kettle  sing  when  the  water 
bolls  ? 

A,  Because  all  the  water  is  boiling  hot ; 
eo  the  steam  escapes  in  a  continuous  stream, 
and  not  by  fits  and  starts. 

393>  When  does  a  kettle  sing  most  ? 

A.  When  it  is  set  on  the  side  of  the  fire 
to  boil, 

394i  Why  does  a  kettle  aing  more  when  it  is  set  on 
the  side  of  a  fire  than  when  it  is  set  in  the  midst  of  the 
fire? 

A.  Because  the  heat  is  applied  so  un- 
equally that  one  side  is  made  hotter  than 
the  other ;  in  consequence  of  which,  the 
steam  is  more  diffused. 

395i  Why  does  a  kettle  sing  when  the  boiling  water 
begins  to  cool  again  ? 

A.   Because   the   upper  surface  cools  firsts 
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and  the  steam  which  rises  from  the  lower 
part  of  the  kettle  escapes  by  fits  and  starts. 

396>  Why  does  the  water  boil  sootier  when  the  kettle 
ia  placed  0¥cr  the  fire  ? 

A.  Because  the  particles  of  water  which 
are  heated  rise  through  the  whole  body  of 
colder  water;  whereas  when  the  side  of  the 
kettle  is  placed  against  the  fire  ihe  heated. 
particles  rise  only  up  the  side  of  the  kettle. 

397.  Why  does  boiling  water  smell? 

A.  Because  it  is  expanded  by  the  heat; 
that  is,  the  heat  of  the  fire  drives  the  par» 
tides  of  water  farther  apart  from  each  other; 
and  therefore  they  take  up  more  room :  in 
other  words,  the  water  swells. 

398.  What  is  meant  when  it  ia  twiid  that  "  heat  drives 
the  particles  of  water  farther  apart  from  each  other"  ? 

A.  Water  is  composed  of  little  globules, 
like  very  small  grains  of  sand  :  the  heat 
drives  these  particles  away  from  each  other, 
and,  as  they  then  require  more  room,  the 
water  swells. 

399.  Why  docs  boiling  water  bubble  ? 

A.  Because  the  vapor  (rising  through  the 
water)  is  diffused,  and  forces  up  bubbles  in 
its  effort  to  escape. 


400«  Why  does  a  Icettle  sometimes  boil  over  ? 

A.    Because    the    water   is    expanded    by 
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heat :  if,  therefore,  a  kettle  is  filled  with  cold 
water,  some  of  it  must  ran  over  as  soon  as 
it  is  made  hot. 

401.  But  a  kettle  will  boil  over,  although  it  has  not 
been  filled  full  of  water  :  how  do  jou  account  for  that? 

A.  If  a  fire  be  very  brisk,  the  air  and 
vapor  are  expelled  so  rapidly  that  the 
babbles  are  very  numerous,  and,  towering 
one  above  another,  reach  the  top  of  the 
kettle,  and  fall  over. 

102.  Why  is  a  pot  which  was  full  to  overflowing 
while  the  water  was  boiling  hot,  not  full  a  short  time 
after  it  has  been  taken  off  the  fire  ? 

A.  Because  while  the  water  is  boiling  it 
is  expanded  by  the  heat,  and  fills  the  pot 
even  to  overflowing;  but  wneu  it  becomes 
cool  it  contracts  again,  and  occupies  a  much 
less  space. 

403t  Why  docs  the  water  of  a  kettle  run  out  of  the 
spout  when  it  boils  ^ 

A.  Because  the  lid  fits  so  tightly  that  the 
steam  cannot  lift  it  up  and  escape;  being 
confined,  therefore,  in  the  kettle,  it  presses 
on  the  water  with  great  power,  and  forces  it 
out  of  the  spout. 

401.  What  eaus^  tho  rattling  noise  so  often  made 
by  the  lid  of  a  saucepan  or  boiler? 

A.  The  steam  as  it  escapes  forces  up  the 
lid  of  the  boiler,  and  the  weight  of  the  lid 
carries  it  back  again ;  this,  being  done  fre- 
quently, produces  a  rattling  noise. 
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405i  If  the  steam  could  not  lift  up  the  lid  of  the 
boiler,  how  would  it  escape  ? 

A.  If  the  lid  fitted  so  tightly  that  the 
steam  could  not  raise  it  up,  the  boiler  would 
burst  into  fragments, 

406.  When  steam  poura  out  from  the  spout  of  a 
kettle,  the  stream  begins  apparently  half  an  inch  off  the 
spout:  why  docs  it  not  begin  close  to  the  spout? 

A.  Steam  is  really  invisible ;  and  the  half- 
inch  between  the  spout  and  the  stream  of 
mist  is  the  real  steam,  before  it  has  been 
condensed  by  air. 

407.  Why  is  not  all  the  steam  invisible  as  well  as 
that  half-inch  ? 

A,  Because  the  invisible  particles  are  con- 
densed by  the  cold  air,  and,  rolling  one  into 
another,  look  like  a  thick  mist. 

408.  What  becomes  of  the  steam  ?  for  it  soon 
vanishes. 

A.  After  it  has  been  condensed  irito  mist, 
it  mingles  with  the  air  and  is  dispersed 
abroad  as  invisible  vapor. 

409.  And  what  becomes  of  the  invisible  vapor? 

A.  Being  lighter  than  air,  it  ascends  to  the 
upper  regions  of  the  atmosphei^,  where 
(being  again  condensed)  it  contributes  to 
form  clouds. 

410.  Why  will  a  pot  filled  with  watev  never  boil, 
«hen  immersed  in  another  vessel  full  of  water  ? 

A.    Because  water   can   never  be  heated 
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above  the  boiling-point :  all  the  heat  absorbed 
by  water  after  it  boils  is  employed  in  gene- 
rating steam. 

411<  How  does  the  conversion  of  water  into  stoam 
proTCnt  the  inner  pot  from  boiling  ? 

A,  As  soon  as  the  water  in  the  larger  pot 
is  boiling  hot,  (or  212°,)  steam  is  formed  and 
carries  off  some  of  its  heat:  therefore  212° 
of  heat  can  never  pass  through  it,  to  raise 
the  water  in  the  inner  vessel  to  boiling- 
heat. 

4l3i  Why  do  sugar,  salt,  &c.  retard  the  process  of 
boihng  ? 

A.  Because  they  increase  the  density  of 
water;  and  whatever  increases  the  density 
of  a  fluid  retards  its  boiling. 

413t  If  you  want  water  to  boil  without  the  vessel 
containing  it  coming  in  contact  with  the  fire,  what  plan 
must  you  adopt  ? 

A.  The  vessel  containing  the  water  to  be 
boiled  must  be  immersed  in  a  vessel  con- 
taining a  denser  fluid,  as  boiling  brine  or 
syntp. 

414i  Why  would  the  inner  vessel  boil  if  the  outer 
vessel  contained  hoiling  brine  ? 

A.  Because  brine  will  not  boil  till  it  is 
raised  to  218°  or  220°.  Therefore  212<>  of 
heat  may  easily  pass  through  it,  to  raise  the 
vessel  immersed  in  it  to  212°,  which  is  the 
boiling-point  of  water. 
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415r  Why  will  briae  impart  to  another  vessel  more 
tnan  213°  of  heat,  and  water  not  so  much? 

A.  Because  no  liquid  can  impart  so  high 
a  degree  of  heat  as  its  own  boiling-tenipe- 
rature :  as  water  boils  at  212°,  it  cannot 
impart  212°  of  heat;  but  as  brine  will  not 
boil  without  218°  of  heat,  it  can  impart 
enough  to  make  water  boil. 

116.  Why  can  liijuids  impart  no  extra  heat  aftei 
they  boii  ? 

A.  Because  all  extra  heat  is  spent  in 
making  steam,  Ilenee  water  will  not  boil  a 
vessel  of  water  immersed  in  it,  because  it 
cannot  impart  to  it  212°  of  heat;  but  brine 
will,  because  it  can  impart  more  than  212° 
of  heat  before  it  is  itself  converted  into 
steam. 


oh  buils  at  a  higher  degree.     Thus 

ynip.     But  a  cup  of  water  will  m 
,  cup  of  eyrup  in  water. 


§  III.— KVAPORATION. 

417»  What  is  meant  by  evaporation  ? 

A.  The  transformation  of  liquid  and,  in 
some  cases,  of  solid  substances,  into  a  gaseoua 
state  by  the  action  of  heat. 
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418i  Has  tlie  state  of  the  atmosplierc  any  effect  ou 
evaporation  f 

A.  Yes  :  the  evaporation  is  greatest  when 
the  weather  is  dry  and  warm. 

419.  Do  all  liquids  evaporate  with  the  same  rapidity? 

A.  No :  ether  evaporates  more  rapidly 
than  alcohol,  and  alcohol  more  rapidly  than 
water. 

420t  In  what  way  may  the  evaporation  of  any  liquid 
be  increased  ? 

A.  By  increasing  the  surface.  Water  will 
evaporate  more  rapidly  if  poured  into  a 
Baucer  than  if  put  into  a  bottle,  because  a 
larger  surface  is  exposed  to  the  action  of  the 
air  when  in  the  saucer. 

421«  What  effects  are  produced  by  evaporation  ? 

A.  The  liquid  vaporized  absorbs  heat  from 
the  body  whence  it  issues ;  and  the  body 
deprived  of  the  liquid  by  evaporation  loses 
heat. 

422t  How  may  a  glass  bottle  coutaiiiiiig  water  be 
cooled  ? 

A.  By  wrapping  it  in  a  wet  cloth. 

423>   Why  would  the  wet  cloth  cool  the  water  ? 

A.  The  evaporation  of  the  moisture  of 
the  cloth  would  absorb  the  heat  from  the 
water  in  the  bottle. 

If  theoloth  vera  dipped  in  alcohol  iusteSid  of  water,  the  wuterin  the 
bottle  would  ha  rendered  colder;  hecauae  oleohol  evaporuteg  more 
readily  than  water.     Ether,  which  is  more  vo]a.ti:e  than  aleohol,  would 
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424>  If  you  wet  your  fingtr  and  hold  it  up  in  the 
sir,  why  docs  it  feel  cold  ? 

A.  Because  the  moisture  on  the  finger 
quickly  evaporates,  and,  as  it  evaporates, 
absorbs  heat  from  the  finger,  making  it  feel 
cold. 

425.  If  you  bathe  your  temples  with  ether,  why  does 
Ic  allay  inflammation  and  feverish  heat  ? 

A.  Because  ether  evaporates  very  rapidly, 
and,  as  it  evaporates,  absorbs  heat  from  the 
burning  head,  producing  a  sensation  of  cold. 

426i  Why  is  ether  hettor  for  this  purpose  than  water  ? 

A.  Because  ether  requires  less  heat  to  con- 
vert it  into  vapor ;  in  consequence  of  which, 
it  evaporates  more  quickly. 

Ether  is  converted  into  vapor  by  100°  of  lieat;  but  walcr  requiroi 
212°  of  heat  (■>  ounvert  it  iiitu  stoaui. 

427i  Why  docs  ether  very  grea.tly  relievo  a  scald  or 
burn? 

A.  Beca-use  it  evaporates  very  rapidly, 
and,  as  it  evaporates,  carries  off  the  heat  of 
the  bum. 

428.  Why  do  we  feel  cold  when  we  have  wet  feet  or 
clothes  ? 

A.  Because  the  moisture  of  our  shoes  op 
clothes  rapidly  evaporates,  and,  as  it  evapor- 
ates, absorbs  heat  from  our  body,  which 
makes  us  feel  cold. 

429.  Why  do  wet  feet  or  clothes  give  us  "  cold"  7 
A.  Because  the  evaporation  of  the  moisl> 

ure  absorbs    heat   so   abundantly  from    the 
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surface  of  our  body  that  its  temperature  is 
lowered  below  its  natural  standard ;  in  con- 
sequence of  which,  health  is  injured. 

430.  Why  is  it  dangerous  to  sleep  iii  a  damp  bed  ? 

A.  Because  the  heat  is  continually  absorbed 
from  the  surface  of  our  body  to  convert  the 
damp  of  the  sheets  into  vapor;  in  consequence 
of  which,  our  animal  heat  is  reduced  below 
the  healthy  standard. 

431<  Why  is  health  iDJured  when  the  temperature  of 
the  body  is  reduced  below  its  natural  standard  ? 

A.  Because  the  balance  of  the  circulation 
is  destroj'ed  :  blood  is  driven  away  from  the 
external  surface  by  the  chill  and  thrown  upon 
the  internal  organs,  which  are  oppressed  by 
this  increased  load  of  blood. 

4S2i  Why  do  we  not  feel  the  same  sensation  of  cold 
if  we  throw  a  thick  covering  over  our  wet  clothes? 

A.  Because  the  tliick  covering,  being  air- 
tight, prevents  evaporation,  and,  as  the  moist- 
ure cannot  evaporate,  no  heat  is  absorbed  from 
our  bodies. 

433>  Why  do  not  sailors  gel  cold,  who  are  frequentlj 
wet  all  day  with  sea-water  ? 

A.  1st.  Because  the  salt  of  the  sea  retards 
evaporation,  and,  as  the  heat  of  their  body  is 
drawn  off  gradually,  the  sensation  of  cold  is 
prevented;  and, 

2d.  The  salt  of  the  sea  acts  as  a  stimulant, 
and  keeps  the  blood  circulating  near  the  sur- 
face of  the  body. 


,y  Google 


EVAPOKATION.  9  ( 

434*  Wiiy  docs  ijprinkling  a,  hot  room  wilh  wafer  cool 

A.  Because  the  heat  of  the  room  causes  a 
rapid  evaporation  of  the  sjirinkled  water; 
and,  as  tlie  water  evaporates,  it  absorbs  heat 
from  the  room,  which  cools  it, 

435t  WKy  ia  it  customary,  in  very  hot  countries,  to 
sit  iu  rooms  suparatcil  by  curtains  instead  of  walls  or 
doors,  and  to  keep  these  curtains  constantly  sprinkJed 
with  water  ? 

A.  Because  curtains  are  bad  conductors  of 
heat,  and  the  rapid  evaporation  of  water  re- 
duces the  temperature  of  the  room  ten  or 

fifteen  degrees. 

436.   Why  does  watering  the  streets  and   roads  cool 

A.  Because  they  part  with  their  heat  to 
promote  the  evaporation  of  the  water 
sprinkled  on  them. 


A.  Because  the  wet  earth  parts  with  its 
heat  to  promote  evaporation ;  and  wlien  tho 
earth  is  cooled,  it  cools  the  air  also. 

438.  Why  ia  linen  dried   hy  being  exposed  to  the 

A.  Because  the  wind  or  currents  of  air  ac- 
celerate evaporation,  by  removing  the  vapor 
from  the  surface  of  the  wet  linen  as  fast  as  it 
is  formed. 
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4S9(  Why  is  linen  dried  sooner  in  the  open  air  t\  a.u  in 

A,  Because  the  currents  of  air  cause  the 
particles  of  vapor  to  be  more  rapidly  removed 
from  the  surface  of  the  linen  bj  evaporation. 

I40i  IVhj  are  wet  summers  generally  succeeded  by 
eold  winters  f 

A.  Because  the  great  evaporation  carried 
on  through  the  wet  summer  reduces  the  tem- 
perature of  the  earth  lower  than  usual,  and 
produces  cold. 

141>  Why  are  our  Eastern  and  many  of  our  West- 
ern States  warmer  and  the  winters  less  severe  than 
formerly  ? 

A.  Because  they  are  better  drained  and 
better  cultivated,  and  consequently  there  is 
less  evaporation  now  than  formerly. 

142«  Why  does  draining  land  promote  warmth  ? 

A.  Because  it  diminishes  evaporation ;  in 
consequence  of  which,  less  heat  is  abstracted 
from  the  earth. 

443>   Why  does  cultivation  increase  the  warmth  of  a 

A.  1st.  Because  hedges  and  belts  of  trees 
are  multiplied ; 

2d.  The  land  is  better  drained  ;  and, 

3d.  The  vast  forests  are  cut  down. 

444i  Why  do  hedges  and  belts  of  trees  promot* 
warmth  ? 

A.  Because  they  retard  evaporation,  b^ 
keeping  off  the  wind. 
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I45i  If  belts  of  trees  promote  warmth,  why  do  forests 
produce  cold  ? 

A.  1st.  Because  they  detain  and  condense 
the  passing  clouds; 

2d.  They  prevent  the  access  of  both  wind 
and  sun; 

3d.  The  soil  of  forests  is  always  covered 
with  long  damp  grass,  rotting  leaves,  and 
thick  brushwood ;  and, 

4:th.  In  every  forest  there  are  alwaj's  many 
hollows  full  of  stagnant  water,  which  cause 
evaporation, 

446>  Why  do  long  grass  and  rotting  leaves  promote 

A.  Because  they  are  always  damp;  and 
evaporation,  which  they  promote,  is  con- 
stantly absorbing  heat  from  the  earth 
beneath. 

447.  Why  are  France  and  Germany  warmer  now  than 
when  the  vine  would  not  ripen  there  ? 

A.  Chiefly  because  their  vast  forests  have 
been  cut  down,  and  the  soil  is  better  drained 
and  cultivated. 

448»  What  becomes  of  the  water  of  ponds  in  summor- 

A.  Ponds  are  often  left  dry  in  summer- 
time because  their  water  is  evaporated  by 
the  air. 

449i  How  is  this  evaporation  produced  and  carried 
on? 

A.  The  heat  of  the  air  changes  the  surface 
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of  the  water  into  vapor,  which,  blending  with 
the.  air,  is  soon  wai'ted  away ;  and  similar 
evaporation  is  repeatedly  produced,  till  the 
pond  is  left  quite  dry. 

I50>  Why  are  the  wheels  of  some  machines  kept  eon- 
Btantly  wet  with  water? 

A.  To  carry  off  (by  evaporation)  the  heat 
which  arises  from  the  rapid  motion  of  the 
wheels. 

45li  Why  is  the  surface  of  the  ground  hardened  hy 
the  sun  ? 

A.  Because  the  moisture  of  the  ground  is 
exhaled  by  evaporation ;  and  as  the  earthy 
particles  are  brought  closer  together,  the  mass 
becomes  more  solid. 

452>  Show  the  wisdom  of  God  in  this  aiTangenient. 

A.  If  the  soil  did  not  become  crusty  and 
hard  in  dry  weather,  the  heat  and  drought 
would  penetrate  the  soil  and  kill  both  seeds 
and  roots. 

453>  Why  does  bread  become  hy.rd  aftei'  it  lias  been 
kept  a  few  days  ? 

A.  Because  the  vapor  and  gases  escape, 
leaving  the  solid  particles  dry,  so  that  they 
collapse  and  become  more  firm  and  hard. 

454.  Why  are  glue,  gum,  starch,  and  paste  adhesive? 

A.  Because  the  water  used  with  them 
rapidly  evaporates,  and  leaves  them  solid ; 
and  they  insinuate  themselves  so  intimately 
into  the  pores  of  the  substances  with  whicJ* 
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they  come  in  contact  that  when  the  water 
evaporates  the  whole  is  one  solid  mass. 

Thaylosa  their  adheEivcncBsnhcn  dissolved  in  water,  and  therefora 
must  always  be  suffariid  to  become  dry  before  thoj  will  hold  wltli  to- 
uadtj. 

{35>  Why  ia  tea  cooled  faster  in  a  saucer  than  in  a 

A.  Because  evaporation  is  increased  by 
increasing  the  surface;  and  as  tea  in  a  saucer 
presents  a  larger  surface  to  the  air,  its  heat  is 
more  rapidly  carried  off  by  evaporation. 

It  is  also  cooled  by  convectiiin. 

456a  Why  ia  not  the  vapor  of  the  sea  salt  ? 
A.  Because  the  salt  is  always  left  behind 
in  the  process  of  evaporation. 

457i  What  13  that  white  crust  which  appears  in  hot 
weather  upoa  clothes  wetted  with  sea-water 't 

A.  The  salt  of  the  water,  left  on  the  clothes 
by  evaporation. 

458.  Why  docs  this  white  crust  always  disappear  in 
wet  weather '( 

A.  Because  the  moisture  of  the  air  dissolves 
the  salt;  in  consequence  of  which,  it  is  no 
longer  visible. 

459>  Why  should  not  persons  who  take  violent  exer- 
cise wear  very  thick  clothing  ? 

A.  Because  it  prevents  the  perspiration  from 
evaporating.  When  the  heat  of  the  body  is 
increased  by  exercise,  perspiration  reduces  the 
heat,  by  evaporation,  to  a  healthy  standard  : 
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as  thick  clothing  prevents  this  evaporation^ 
it  is  injurious  to  health. 

460>  Why  do  day-laborers  usually  wear  fiaanel  next 
their  body,  even  ia  hot  weather  ? 

A.  Because  exercise  promotes  perspiration; 
and  as  flannel  is  a  bad  conductor  of  heat,  it 
prevents  the  evaporation  of  the  moisture  from 
chilling  the  body  and  reducing  its  heat  below 
the  healthy  standard. 

461i  Why  will  not  lueifer-matchcs  ignite  if  they  are 
damp? 

A.  1st.  Because  the  cold  produced  by  the 
evaporation  of  the  water  neutralizes  the  heat 
produced  by  the  friction  of  the  match  across 
the  bottom  of  the  lucifer-box ;  and, 

2d.  Because  the  damp  prevents  the  free 
accession  of  oxygen  to  the  match,  without 
which  it  cannot  burn. 

462t  Why  does  water  in  a  very  exposed  place  freeze 
more  rapidly  than  that  which  is  under  cover  or  m  a  place 


A.  1st.  Because  evaporation  goes  on  more 
rapidly  when  water  is  exposed,  and  carries 
away  heat  from  the  general  mass ;  and, 

2d.  Any  covering  will  radiate  heat  into 
the  water  below,  and  prevent  the  mass  from 
cooling  down  to  the  requisite  temperature  to 
cause  congelation. 

463i  Why  docs  paint  often  hliater  from  heat  ? 

A.  Because  the  heat,  penetrating  through 


,y  Google 


VAPORIZATION.  103 

paint,  extracts  some  little  moisture  from  the 
wood  and  turns  it  into  vapor,  or  steam ;  as 
this  vapor  requires  room,  it  throws  up  blis- 
ters in  the  paint  to  make  room  for  its  ex- 
panded  bulk. 

464>  Why  are  flowers  more  fragrant  in  damp  weather? 

A.  Because  the  volatile  particles  which 
constitute  the  perfume  of  the  flowers  are  pi'e- 
ventcd,  by  the  vapor  of  the  air,  from  circu- 
lating freely  through  the  surrounding  atmo- 
sphere. 

Many  of  tho  essential  oils,  and  other  volatile  sabatanoeB  which  pro- 
duce odors  in  plants,  require  the  preseacc  of  maob  moisture  far  their 
perfect  development. 

§  IV. — VAPOEIZATION, 

465>  What  is  meant  hj  vajiorization  ? 

A.  The  conversion  of  a  liquid  into  vapor 
by  boiling. 

4601  Explain  tho  difference  between  evaporation  and 
vaporization. 

A,  Evaporation  is  effected  by  exposure  to 
the  air  without  boiling,  whilst  vaporization 
requires  the  air  of  sufficient  heat  to  produce 
ebullition, 

"Ebullition,"  from  the  Latin  eballlo,  to  boil. 

467>  Why  docs  Hot  iron  make  a  hissitiy  noise  when 
plunged  into  water  ? 

A.  Because  the  hot  iron  converts  into 
steam  the  particles  of  water  which  come  iu 
immediate  contact  with  it;  and,  as  the  steam 
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flies  upward,  it  passes  by  other  particles  of 
water  not  yet  vaporized :  the  collision  pro- 
duces very  rapid  vibrations  in  the  air,  and  a 
hissing  noise  is  the  result. 

468.  Why  does  water  make  a  hissing  noise  when  it  is 
poured  on  fire? 

A.  Because  the  part  which  comes  in  con- 
tact with  the  fire  is  immediately  converted 
into  steam,  and,  as  it  flies  upward,  meets 
other  particles  of  water  not  yet  vaporized  :- 
the  collision  produces  very  rapid  vibrations 
in  the  air,  and  a  hissing  noise  is  the  result. 

469>  Why  is  water  coDverted  into  steam  hj  the  heat 
of  the  fire? 

A.  Because,  when  the  heat  of  the  fire 
enters  the  water,  it  separates  its  globules 
into  very  minute  particles,  which,  being 
hghter  than  air,  fly  ofl'  from  the  surface  in 
the  form  of  steam. 

47ft.  Why  does  a  drop  of  water  sometimes  roll  along 
a  piece  of  hot  iron  without  leaving  the  least  trace? 

A.  Because  the  bottom  of  the  drop  is  tunied 
into  vapor,  which  buoys  the  drop  up,  without 
allowing  it  to  touch  the  iron. 

471.  Why  does  it  roll  ? 

A,  Because  the  current  of  air  which  is 
always  passing  over  a  heated  surface  drives 
it  along. 

472.  Why  does  a  laundress  put  a  little  saliva  on  a 
flat-iron  to  know  if  it  be  hot  enough  ? 

A.  Because,  when  the  saliva  sticks  to  the 
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iron  and  is  evaporated,  she  knows  it  is  not 
sufficiently  hot;  but  when  it  runs  along  the 
iron,  it  is. 

173.  Why  is  the  flat-iron  hotter  if  the  saliva  runs 
along  it  thao  if  it  adheres  till  it  is  evaporated  ? 

A.  Because,  when  the  saliva  runs  along  the 
iron,  the  heat  is  sufficient  to  convert  the  bot- 
tom of  the  drop  into  vapor;  but  if  the  saliva 
will  not  roll,  the  iron  is  not  sufficiently  hot 
to  convert  the  bottom  of  the  drop  into  vapor. 

471.  By  wetting  the  hand,  it  may  he  safely  thrust 
throuf^h  a  stream  of  molten  (that  is,  red-hot)  iron :  os- 
plaia  this. 

A.  The  moisture  of  the  hand  is  converted 
into  steam  by  the  heat  of  the  iron  :  this  en- 
velop of  steam  completely  shields  the  hai^d 
from  the  injurious  effect  of  the  molten  metal, 
by  preventing  the  iron  from  coming  in  con- 
tact with  the  skin, 

§  V. LIQUErACTION. 

475.  What  is  meant  hy  liquefaction  ? 

A.  The  state  of  being  melted,  as  ice  is 
melted  by  the  heat  of  the  sun. 

Wben  motats  are  melted,  tlicy  are  said  to  be  fused. 

476.  Why  is  ice  melted  by  the  heat  of  the  sun? 

A.  Because,  when  the  heat  of  the  sun  en- 
ters the  solid  ice,  it  forces  its  particles  asunder, 
till  their  attraction  of  cohesion  is  sufficiently 
overcome  to  convert  the  solid  ice  into  a  liquid. 
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177.  The  temperature  of  ice  Is  32° :  if  you  pour  just 
enough  boiling  water  over  the  ice  to  melt  it,  will  the 
temperature  of  the  water  be  increased  ? 

A.  No :  the  heat  of  the  boiling  water  is 
consumed  in  melting  the  ice ;  but  pour  boil- 
ing water  on  ice-cold  water,  and  the  tempe- 
rature is  immediately  increased. 

478t  Why  does  was  become  soft  before  it  turns 
liquid  ? 

A,  Because  it  absorbs  heat  sufficient  to 
loosen  the  contact  of  its  particles  before  it 
has  absorbed  sufficient  to  liquefy  the  mass. 

479.  Why  are  metals  melted  by  the  heat  of  fire? 

A.  Because,  when  the  heat  of  the  fire  entei% 
the  solid  metal,  it  forces  it«  particles  asunder, 
till  their  attraction  of  cohesion  is  sufficiently 

overcome  to  convert  the  solid  metal  into  a 
liquid. 

480.  Why  does  not  wood  melt,  like  metal  ? 

A.  Because  the  heat  of  the  fire  decomposes 
the  wood  into  gas,  smoke,  and  ashes,  and  the 
different  parts  separate  from  each  other. 

481.  Why  does  salt  crackle  when  thrown  into  the 
fire? 

A.  Salt  contains  water;  and  the  crackling 
of  the  salt  is  owing  to  the  sudden  conversion 
of  this  water  into  steam. 
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BECTIOH  IT,-MDIATIOH. 

I82t  What  is  meant  by  radiation  ? 

A.  Radiation  means  the  emission  of  rays. 
Thus,  the  sun  radiates  both  light  and  heat ; 
that  is,  it  emits  rays  of  light  and  heat  in  all 
directions. 

485.  When  is  heat  radiated  from  one  body  to  another  f 
A.  When  the  two  bodies  are  separated  by 

a  non-conducting  medium :  thus,  the  sun 
radiates  heat  toward  the  earth,  because  the 
air  (which  is  a  very  bad  conductor)  comes 
between, 

181i   On  what  does  radiation  depend  ? 

A.  On  the  roughness  of  the  radiating  sur- 
face: thus,  if  metal  be  scratched,  its  radiating 
power  is  increased,  because  the  heat  has  more 
points  to  escape  from. 

485>  Does  a  fire  radiate  heat  ? 

A.  Yes;  and  because  burning  fuel  emits 
rays  of  heat,  therefore  we  feel  warm  when 
we  stand  before  a  fire. 

486.  Why  does  our  face  feel  uncomfortably  hot  when 
we  approach  a  fire  ? 

A.  Because  the  fire  radiates  heat  upon  the 
face,  which,  not  being  covered,  feels  the  ef- 
fect immediately. 

487.  Why  docs  the  fire  heat  the  face  more  than  it  does 
the  rest  of  the  body? 

A.  Because  the  rest  of  the  bodv  in  covered 
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with  clothing,  which,  being  a  had  conductor 
of  heat,  prevents  the  same  sudden  and  rapid 
transmission  of  heat  to  the  skin. 

488i  Do  those  substances  which  radiate  heat  absorb 
heat  also  ? 

A.  Yes :  those  substances  which  radiate 
most  also  absorb  most  heat,  and  those  which 
radiate  least  also  absorb  least  heat. 

e  radiate  heat  besides  the  sun 

A.  Yes :  all  things  radiate  heat  in  some 
measure,  but  not  equally  well. 


A,  All  dull  and  dark  substances  are  good 
radiators  of  heat,  but  al!  light  and  polished 
substances  are  bad  radiators. 

491.  What  is  meant  by  being  a  "bad  radiator  of 
heat"? 

A.  To  radiate  heat  is  to  throw  off  heat  by 
rays,  as  the  sun  :  a  polished  tin  pan  does  not 
throw  off  the  iieat  of  boiling  water  from  its 
surface,  but  retains  it. 


A.  Because  polished  tin  (being  a  bad  radia- 
tor of  heat)  keeps  hot  a  very  long  time,  and 
warms  the  feet  resting  upon  it. 

49S,  Why  would  tlie  tm  foot-warmer  get  cold  soouer 
if  the  polish  were  injured  f 
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A.  Bec».u&e  x/olislied  tin  throws  off  its 
heat  very  slowly ;  bat  dull,  scriitched, 
painted,  or  dirty  tin  thrown  off  its  heat  very 
quickly. 

494.  Why  does  snow  at  tlie  foot  iS  a  hedge  or  waU 
melt  sooner  than  that  in  an  open  field  ? 

A.  Because  the  hedge  or  wall  radiates  heat 
into  the  snow  beneath,  which  melts  it. 

495.  How  is  hot  iron  cooled  hy  radiation  ? 

A.  While  its  heat  is  being  carried  off  by 
"  convection,"  the  hot  iron  throws  off  heat  on 
all  sides  by  radiation  also, 

496.  Why  shouldthe  flues  connected  with  stoves,  &c. 
be  always  blackened  with  bjaek-lcad  ? 

A.  In  order  that  the  heat  of  the  flue  may 
be  more  readily  diffused  throughout  the  room. 
Black-lead  radiates  heat  more  freely  than  any 
other  known  substance. 


A.  Because  polished  metal  (being  a  very 
bad  radiator  of  heat)  keeps  the  water  hot 
much  longer ;  and  the  hotter  the  water  is, 

the  better  it  "  draws"  the  tea. 

498.  Why  will  not  a  dull  black  teapot   make  good 

A.  Because  the  lieat  of  the  water  flies  off 
so  quickly  through  the  dull  black  surface  of 
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the   teapot  that  the  water  is  very  rapidly 
cooled,  and  cannot  "  draw"  the  tea. 

499t  Do  not  the  poorer  classes  generally  prefer  the 
little  black  earthen  t«apot  to  the  bright  metal  one  ? 

A.  Yes;  because  they  set  it  near  the  fire 
"to  draw;"  in  which  case  the  little  black 
teapot  will  make  the  best  tea. 


A.  Because  the  black  teapot  will  absorb 
heat  plentifully  from  the  fire,  and  keep  the 
water  hot ;  whereas  a  bright  metal  teapot 
set  near  the  fire  would  throw  off  the  heat  by 
reflection. 

59l>  Then  sometimes  a  hlack  earthen  teapot  is  the 
best,  and  sometimes  a  bright  metal  one  ? 

A.  Yes.  When  a  teapot  is  set  on  the 
stove  "  to  draw,"  black  earthen  is  the  best, 
because  it  absorbs  heat ;  but  when  a  teapot 
is  not  set  on  the  stove,  bright  metal  is  the 
best,  because  it  radiates  heat  very  slowly, 
and  therefore  keeps  the  water  hot. 

502.  Would  a  metal  pot  serve  to  keep  water  hot  if  it 
were  dull  and  dirty? 

A.  No.  It  is  the  bright  polish  of  the  metal 
which  makes  it  a  bad  radiator :  if  it  were 
dull,  scratched,  or  dirty,  the  heat  would  es- 
cape very  rapidly. 

Water  in  liot  neather  is  also  kept  cooler  iu  bright  mntal  than  in 
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503.  ^^'liy  are  dinner-covers  made  of  bright  tin  or 
silver? 

A.  Because  liglit-colored  and  higlily-polished 
metal  is  a  very  bad  radiator  of  heat;  and 
therefore  bright  tin  or  silver  will  not  allow 
the  heat  of  the  cooked  food  to  escape  through 
the  cover  by  radiation. 

504.  Why  should  a  meat-cover  he  very  brightly  po- 

A.  To  prevent  the  heat  of  the  food  from 
escaping  by  radiation.  If  a  meat-cover  be 
dull  or  scratched,  it  will  absorb  heat  from  the 
food  beneath,  and,  instead  of  keeping  it  hot, 
make  it  cold. 

505.  Whvis  meat  very  suhject  to  taintou  a  moonlight 
night? 

A.  Because  it  radiates  heat  very  freely  on 
a  bright  moonlight  night ;  in  consequence  of 
which,  it  is  soon  covered  with  dew,  which  pro- 
duces rapid  decomposition. 

506.  How  do  moonlight  nights  conduce  to  the  rapid 
growth  of  plants? 

A.  Radiation  is  carried  on  very  rapidly  on 
bright  moonlight  nights ;  in  consequence  of 
which,  dew  is  very  plentifully  deposited  on 
young  plants,  which  conduces'  much  to  their 
growth  and  vigor. 

507.  Why  is  the  air  resting  on  the  surface  of  the  earth 
colder  than  that  in  the  higher  regions  ? 

A.  Because  the  earth  radiates  more  heat 
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than  the  leaves  of  lofty  trees,  and  therefore 
more  rapidly  condenses  and  freezes  the  vapor 
of  the  air. 

508.  Why  are  shrubs  more  liable  to  be  frost-bitten 
than  trees  ? 

A.  Because  they  do  not  rise  far  above  the 
surface  of  the  earth  ;  and,  as  the  air  contigu- 
ous to  the  earth  is  made  colder  by  radiation 
than  that  in  the  higher  regions,  the  low  shrub 
is  often  frostbitten  when  the  lofty  tree  is  un- 
injured. 

SECTIOH  V.-IlEPLECrriON, 

509.  What  is  meaat  by  reflecting  heat? 

A.  To  reflect  heat  is  to  throw  it  back  in 
rays  fi-om  the  surface  of  the  reflecting  body 
toward  the  place  whence  it  came, 

510.  What  are  the  best  reflectors  of  heat? 

A.  All  bright  surfaces  and  light  colors. 

511.  Are  good  absorbers  of  heat  good  reflectors  also? 
A.  No :    those  things  which  absorb  heat 

best  reflect  heat  worst,  and  those  which  re- 
flect heat  worst  absorb  it  best. 

512.  Why  are  those  things  which  absorb  heat  unable 
to  reflect  it  ? 

A.  Because  if  a  substance  sucks  in  heat 
like  a  sponge,  it  cannot  throw  it  off  from  its 
surface ;  and  if  a  substance  throws  off  heat 
from  its  surfaee.  it  cannot  drinlt  it  in. 
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s  blister  and  scorch  the 

A.  Because  the  bright  tin  front  throws  the 
heat  of  the  fire  back  again,  and  will  not  allow 
it  to  penetrate  totho  wood  behind. 

514>  If  metal  he  so  excellent  a  conductor  of  heat, 
how  can  it  reflect  heat,  or  throw  it  off? 

A.  Polished  metal  is  a  conductor  of  heat 
only  when  that  heat  is  communicated  by  ac- 
tual contact ;  but  whenever  heat  falls  upon 
bright  metal  in  rays,  it  is  reflected  back 
a^ain,  and  the  metal  remains  cool. 

5l5t  What  is  meant  hy  "heat  falling  upon  metal  in 
rays,"  and  not  "  by  contact "  ? 

A.  If  a  piece  of  metal  were  thrust  into  a 
fire,  it  would  be  in  actual  contact  with  the 
fire;  but  if  it  were  held  before  a  fire,  the 
heat  of  the  fire  would  fall  upon  it  in  rays. 

S16a  What  is  the  use  of  the  tin  screen  or  reflector 
used  in  roasting? 

A.  It  throws  the  heat  of  the  fire  back  upon 
the  meat,  and  therefore  both  assists  the  process 
of  roasting  and  helps  to  keep  the  kitchen  cool. 

5I7>  How  docs  a  tin  reflector  tend  to  keep  the  kitchen 

A.  By  confining  the  heat  of  the  fire  to  the 
hearth,  and  preventing  its  dispersion  through- 
out the  kitchen. 
il8.  "V 

A.  Because  it  would  then  absorb  heat,  and 
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not  reflect  it  at  all.  A  plate-warmer  ehoul6 
never  be  painted,  but  should  be  kept  very 
clean,  bright,  and  free  from  scratches. 

519.  Why  wi!l  not  a  polished  tin  pan  bako  bread  so 
well  as  an  iron  one  ? 

A.  Because  the  bright  metal  reflects  the 
heat,  and  therefore  will  not  brown  the  crust 
which  surrounds  the  bottom  and  sides  of  the 
pan ;  consequently,  the  top  of  the  bread 
would  be  burnt  before  the  bottom  and  sides 
of  the  loaf  were  brown. 

520.  How  may  a  new  tin  pan  be  made  1»  bake  bread 
aswclUsan  iron  one? 

A.  By  holding  it  for  a  time  over  the  flame 
of  a  candle,  until  the  outside  is  thoroughly 
blackened  :  it  would  then  absorb  heat  and 
brown  the  bread. 

521.  Why  should  the  top  of  a  kettle  be  clean  and  well 


A.  Because  polished  metal  will  not  radiate 
heat ;  and  if  the  top  of  the  kettle  is  well 
polished,  the  heat  is  retained  and  not  suf- 
fered to  escape  by  radiation. 

523i  Why  will  a  kettle  be  slower  in  boiling  if  the 
bottom  and  sides  arc  clean  and  bright? 

A.  Because  bright  metal  does  not  absorb 
heat,  but  reflects  it;  and,  as  the  heat  is 
thrown  off  from  the  surface  of  bright  metal 
by  reflection,  a  new  kettle  takes  a  longer 
time  to  boil. 
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523>  Why  is  light- colored  cIothioK  preferable  for 
summer-wear  ? 

A.  Because  light  colors  throw  off  the  heat 
of  the  sun  hy  reflection,  and  are  very  bad 
absorbents  (  f  heat ;  in  consequence  of  which, 
they  never  become  so  hot  from  the  scorching 
sun  as  dark  colors  do, 

52J>  Why  is  not  light-colored  clothing  worn  in 
winter  ? 

A.  Because  light  colors  will  not  absorb 
heat,  like  black  and  other  dark  colors ;  and 
therefore  white  or  lightrcolored  dresses  are 
not  so  warm  as  dark  ones. 

525.  Why  are  shoes  hotter  for  being  dusty  ? 

A.  Because  dull,  dusty  shoes  absorb  heat 
from  the  sun,  earth,  and  air ;  but  shoes 
brightly  polished  throw  off  the  lieat  of  the 
sun  by  reflection, 

BEOnOH  VI.-ABSOEPTIOH. 

526.  What  is  the  difference  between  conducting  heat 
and  absorbing  heat? 

A.  To  conduct  heat  is  to  transmit  it  from 
one  body  to  another  through  a  conducting 
medium  :  to  absorb  heat  is  to  draw  it  up,  as 
a  sponge  sucks  up  water. 

527.  Give  an  example. 

A.  Black  cloth  absorbs,  but  docs  not  con- 
duct, heat:  thus,  if  black  cloth  be  laid  in 
the  sun,  it  will  absorb  the  rays  very  rapidly ; 
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but,  if  one  enii  of  the  black  cloth  were  made 
hot,  it  would  not  conduct  the  heat  to  the 
other  end. 

528.  Arc  good  conductors  of  heat  good  absorbers 
also? 

A.  No  :  every  good  conductor  of  heat  is  a 
bad  absorber  of  it ;  and  no  good  absorber  of 
heat  can  be  a  good  conductor. 

529.  Is  irou  a  good  absorber  of  heat? 

A.  No:  iron  is  a  good  conductor,  but  a 
very  bad  absorber,  of  heat. 

530.  Why  do  the  fire-irons  (which  lie  upon  a  fender) 
remain  cold,  although  they  are  before  a  good  fire  ? 

A.  Because  they  are  bad  absorbers  of  heat; 
in  consequence  of  which,  they  remain  cold, 
unless  they  come  in  contact  with  the  stove 
or  fire. 

531<  If  a  piece  of  browD  paper  be  submitted  to  the 
action  of  a  burning-glass,  it  will  catch  fire  much  Kooncr 
than  a  piece  of  white  pper  would :  explain  the  reason. 

A.  Because  white  paper  reflects  the  rays  of 
the  sun,  or  throws  them  back;  in  consequence 
of  which,  it  appears  more  luminous,  but  is  not 
BO  much  heated  as  dark  brown  paper,  which 
absorbs  the  rays  and  readily  becomes  heated 
to  ignition. 

Ibaa  white  papci. 

532.  Why  ia  the  temperature  of  islands  more  cquahU 
than  that  of  continents  ? 

A.  Because  the  water  around  the  island 
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absorbs  the  extreme  heat  of  summer,  and 
gives  out  Iieat  to  mitigate  the  extreme  cold 
of  winter. 

53Si  Islands  are  warmer  in  winter  than  continenfa: 
explain  the  reason  of  this. 

A.  Unless  the  sea  be  frozen,  (which  is 
rarely  the  case,)  it  is  warmer  than  the  frozen 
land ;  and  the  warmth  of  the  sea^air  helps  to 
mitigate  the  intense  cold  of  the  land-air. 

534>  How  does  tho  ceaseless  change  of  air  tend  to  de- 
crease the  warmth  of  a  naked  body? 

A.  The  air  which  surrounds  the  body  ab- 
sorbs as  much  heat  from  it  as  it  can  while  it 
remains  in  contact :  being  then  blown  away, 
it  makes  room  for  a  fresh  coat  of  air,  which 
s  more  heat. 


535.  Does  the  air  which  surrounds  a  naked  boJj  he- 
come  by  contact  as  warm  as  the  body  itself? 

A.  It  would  do  so  if  it  remained  motion- 
less; but,  as  it  is  continually  changing,  it 
absorbs  as  much  heat  as  it  can  in  the  time, 
and  passes  on. 


538.  Why  does  fanning  the  face  in  summer  make  it 

A.  Because  the  fan  puts  the  air  in  motion, 
and  makes  it  pass  more  rapidly  over  the  face; 
and,  as  the  temperature  of  the  air  is  always 
lower  than  that  of  the  human  face,  each 
puff  of  air  ca.vries  off  some  portion  of  its 
heat. 
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537.  DoesafiiD  cool  the  air? 

A.  No :  it  makes  the  air  hotter,  by  impart 
ing  to  it  the  heat  out  of  our  face;  but  it  cools 
our  face,  hy  transferring  its  heat  to  the  air. 

53$>  Docs  fanning  make  the  air  itself  cooler? 

A.  No  :  fanning  makes  the  air  hotter  and 
hotter. 

539.  How  does  fanning  the  face  increase  the  heat  of 
the  air  ? 

A.  The  air  absorbs  more  heat  by  being 
driven  rapidly  over  the  body :  each  current 
becomes  heated,  and  flies  off  to  make  way  for 
another  cooler  current. 

540.  If  fanning  makes  the  air  hotter,  why  can  it  make 
a  person  feel  cooler? 

A.  Because  the  air  absorbs  the  heat  of  the 
face. 

611.  Why  is  broth  cooled  by  blowing  it? 

A.  Because  the  breath  causes  a  rapid  current 
of  air  to  pass  over  the  broth ;  and,  as  the  air 
is  colder  than  the  broth,  it  continually  ab- 
sorbs heat  from  it,  and  makes  it  cooler  and 
cooler, 

542.  Would  not  the  air  absorb  heat  from  the  broth 
jQst  as  well  without  blowing  ? 

A.  No,  Air  is  a  very  bad  conductor :  un- 
less, therefore,  the  current  be  rapid,  the  air 
nearest  the  surface  of  the  broth  would  soon 
become  as  hot  as  the  broth  itself. 
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543>  Would  not  hot  air  part  with  its  heat  iostantly  to 
thu  circiimjaceiit  air? 

A.  No,  not  instantly.  Air  is  so  bad  a 
conductor  that  it  parts  with  its  heat  very 
slowly :  unless,  therefore,  the  air  be  kept  in 
continual  motion,  it  will  cool  the  broth  very 
slowly. 

544i  Why  does  wind  generally  feel  cool  'I 

A.  Because  it  drives  the  air  more  rapidly 
over  our  body;  and  this  rapid  current  of  air 
draws  off  a  large  quantity  of  heat, 

545i  Why  does  air  absorb  heat  more  quickly  by  being 
set  in  motion  ? 

A.  Because  air  is  a  bad  conductor,  and,  if 
at  rest,  would  soon  become  of  the  same  tem- 
perature as  our  bodies ;  but  every  fresh  gust 
of  air  absorbs  a  fresh  portion  of  heat ;  and 
the  more  rapid  the  succession  of  gusts,  the 
greater  will  be  the  quantity  of  heat  absorbed. 

516.  If  the  air  were  hotter  than  our  body,  would  the 
wind  feel  cool? 

A.  N-o  :  the  air  would  feel  insufferably  hot 
if  it  were  hotter  than  our  body, 

647t  Why  would  the  air  feel  intensely  hot  if  it  ^ero 
warmer  than  our  body  ? 

A.  Because  it  would  add  to  the  heat  of  our 
body,  instead  of  diminishing  it. 

548.   Is  the  air  ever  as  hot  as  the  human  body  ? 

A.  In  some  climates  it  is ;.  and,  wneii  ihat 
is  tlie  case,  the  heat  >-b  almost  insupportable. 
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5l9i  Why  does  a  kettle  boil  faster  when  tlie  bottoro 
tind  sides  are  covered  with  soot  ? 

A.  Because  the  black  Boot  absorbs  heat 
veiy  quickly  from  the  fire,  and  the  met^ 
conducts  it  to  the  water. 

r  white  linen  and  a  blaek  outer 

A.  Because  the  black  outer  dress  quickly' 
absorbs  heat  from  the  sun,  and  the  white 
linen,  being  a  bad  absorbent,  abstracts  no 
heat  from  tlie  warm  body. 

551i  What  colors  are  warmest  for  dresses? 

A.  For  outside  garments,  black  is  the  warm- 
est, and  then  such  colors  as  approach  nearest 
to  black,  (as  dark  blue  and  green.)  White  is 
the  coldest  color  for  external  clothing. 

552«  How  can  yon  prove  that  dark  colors  are  warmet 
than  light  ones  ? 

A.  If  a  piece  of  black  and  a  piece  of  white 
cloth  be  laid  upon  snow,  in  a  few  hours  the 
blackclothwill  have  melted  the  snow  beneath; 
whereas  the  white  cloth  will  have  produced 
little  or  no  effect  upon  it. 

The  darker  any  color  is,  the  warmer  it  is,  because  it  is  a  better  ab- 
sorbent of  heat.  The  order  may  bo  thus  arranged:—!.  Black,  (warm- 
est of  all;)  Z.  Violet;  S.  Indigo;  4.  Blue;  5.  Green;  6.  Bed;  7. 
Yellow ;  and,  3.  White,  (culdeat  of  all.) 

553.  Why  are  black  kid  gloves  unpleaeaDtlj  hot  fo? 


A.  1st.  Because  black    absorbs  the  solai 
heat;  and, 
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2d.    Kid  will  not  allow  the  heat  of  out 
hand  to  escape  readily  through  the  glove. 
551i  Why  are  Lisle-thread  gloves  agreeably  cool  for 


A.  1st.  Because  thread  absorbs  perspira- 
tion ;  and, 

2d.  It  coiiduets  away  the  heat  of  our  hot 
hands. 

555<  Are  Lisle-thread  gloves  absorbents  of  heat  ? 

A.  No  :  Lisle-thread  gloves  are  generally 
of  a  gray  or  lilac  color,  and  therefore  do  not 
absorb  solar  heat. 

556t  Why  does  hoar-frost  remain  on  tombstones  long 
after  it  has  melted  from  the  grass  aud  gravel-walks  of  a 
ehurehjard  ? 

A.  Because  tombstones,  being  white,  will 
not  absorb  heat,  like  the  darker  grass  and 
gravel ;  in  consequence  of  which,  they  re- 
main too  cold  to  thaw  the  frost  congealed 
upon  their  surface. 

557i  If  black  absorbs  heat,  why  have  negroes  blaok 
skins,  and  not  white  skins,  which  would  not  absorb  heat 
at  all ? 

A,  Because  black  will  not  blister  from  the 
heat  of  the  sun.  Although,  therefore,  the 
black  skin  of  the  negro  absorbs  heat  more 
plentifully  than  the  white  skin  of  a  European, 
yet  the  blackness  prevents  the  sun  from  blis- 
tering or  scorching  it. 
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558i  How  is  it  known  that  the  black  color  prevents 
the  sun  from  either  blistering  or  scorching  the  skin? 

A.  If  you  put  a  white  glove  on  one  hand 
and  a  black  glove  on  the  other  when  the  sun 
is  burning  hot,  the  hand  ^vith  the  white  glove 
will  be  ficorched,  but  not  the  other. 

559.  Which  hand  will  feel  the  hotter  ? 

A.  The  hand  with  the  black  glove  will 
feel  the  hotter,  but  will  not  be  scorched  by 
the  sun ;  whereas  the  hand  with  the  white 
glove,  though  much  cooler,  will  be  severely 
scorched. 

560t  Why  is  the  skin  of  a  negro  never  Bcorcheil  or 
blistered  by  tJie  hot  sun  ? 

A-  Because  the  black  color  absorbs  the 
heat,  conveys  it  below  the  surface  of  the 
skin,  and  converts  it  Into  sensible  heat  and 
perspiration. 

5fil>  Why  does  the  white  European  skin  blister  and 
scorch  when  exposed  to  the  hot  san  ? 

A.  Because  white  will  not  absorb  heat, 
and  tlierefore  the  hot  sun  rests  on  the  sur- 
face of  the  skin  and  scorches  it, 

562t  Why  is  water  in  hot  weather  kept  cooler  in  a 
blight  tin  vessel  than  in  an  earthen  one  ? 

A.  Because  bright  metal  will  not  absorb 
heat  from  the  hot  air  lijte  an  earthen  vessel ; 
in  consequence  of  which,  the  water  is  kept 
cooler. 
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563.  Tn  what  state  bIiouM  a  saucepan  be  in  order  that 
it  niiiy  hoil  quickly? 

A.  All  those  parts  which  come  in  contact 
with  the  fire  sliould  be  covered  with  soot,  or 
be  black,  in  order  to  absorb  heat;  but  all 
the  rest  of  the  saucepan  should  be  as  bright 
as  possible,  to  prevent  the  escape  of  heat  by 
radiation. 


CHAPTER  IV.— MECHANICAL  ACTION. 

SEOTIOH  I,-PEacUSSIOH, 

584>  ITow  is  heat  produced  by  mechanical  action  ? 

A.  1.  By  Percussion ;  2.  ByFrictionj  and, 
3.  By  Condensation,  or  Compression. 

565.  What  is  meant  by  percussion  ? 

A.  The  act  of  striking  j  as  when  a  black- 
smith strikes  a  piece  of  iron  on  his  anvil  with 
his  hammer. 

58Si  Why  does  striking  iron  make  it  red-hot? 

A.  Because  it  condenses  the  particles  of 
the  metal,  and  makes  the  latent  heat  sensible. 

567.  Does  told  iroa  contain  heat? 

A.  Yes:  every  thing  contains  heatj  but 
when  a  thing  feels  cold,  its  heat  is  latent. 

568.  What  is  meant  by  latent  heat? 

A.  Heat  not  perceptible  to  our  feelings. 
When  any  thing  contains  heat  without  feeling 


,y  Google 


124  MECHANICAL   ACTION". 

the  hotter  for  it,  that  heat  is  called  "  latem 
heat." 

569i  Boea  cold  iron  contain  latent  licat  ? 

A.  Yes;  and  when  a  blacksmitli  compresses 
the  particles  of  iron  by  his  hammer,  he  brings 
^»ut  latent  heat,  and  this  makes  the  iron  red-hot. 

670i  How  did  blacksmiths  light  their  matches  heforo 
the  general  use  of  lucifers  ? 

A.  They  used  to  place  a  soft  iron  nail  upon 
their  anvil,  strike  it  two  or  three  times  with 
a  hammer,  and  the  point  became  sufficiently 
hot  to  tight  a  brimstone  match, 

571.  How  can  a  nail  beaten  by  a  hammer  ignite  a 
brimstone  match? 

A.  The  particles  of  the  nail,  being  com- 
pressed by  the  hammer,  can  no  longer  con- 
tain so  much  heat  in  a  latent  state  as  they 
did  before:  some  of  it,  therefore,  becomes 
sensible,  and  increases  the  temperature  of 
the  iron. 

572«  Why  does  striking  a  flint  against  a  piece  of  steel 
produce  a  spark  ? 

A.  Because  it  compresses  those  parts  of 
the  flint  and  steel  which  strike  together ;  in 
consequence  of  which,  some  of  their  latent 
heat  is  disturbed,  and  exhibits  itself  in  a 
spark. 

5: 

*park 

A.  A  very  small  fragment  either  of  the 
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steel  or  flint  is  knocked  off  red-hot,  and  sets 
fire  to  the  tinder  on  which  it  falls. 

574i  Why  is  it  needful  to  keep  blowing  the  tinder 
with  the  breath  ? 

A.  In  order  that  the  increased  supply  of 
air  may  furnish  the  tinder  with  more  oxygen 
to  assist  combustion. 

575.  Why  do  horsea  sometimes  strike  fire  with  their 
feet? 

A.  Because,  when  their  iron  shoes  strike 
against  the  flint-stones  of  the  road,  very  small 
fragments  either  of  the  shoes  or  stones  are 
knocked  off  red-hot. 

576.  What  makes  these  fragmenta  red-hot? 

A.  The  percussion  condenses  the  part 
struck ;  in  consequence  of  which,  some  of  its 
latent  heat  is  rendered  sensible,  and  exhibibi 
itself  in  these  red-hot  fragments. 

SEOTION  II,-FEJCTION. 

577.  What  is  meant  by  friction  ? 

A.  The  act  of  rubbing  two  things  together; 
fis  the  Indians  rub  two  pieces  of  wood  together 
to  produce  fire. 

578.  How  do  the  Indians  produce  fire  by  merely  rub- 
bing two  pieces  of  wood  together  ? 

A.  They  take  a  piece  of  dry  hard  wood 
sharpened  to  a  point,  which  they  rub  quickly 
up  and  down  a  fiat  piece  of  soft  wood  till  a 
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groove  is  made ;  and  the  dust  collected  in  this 
groove  catches  fire. 


A.  Because  latent  heat  is  developed  from 
the  wood  by  friction, 

mood  agaioat  mulberry,  ur 

580t  Do  not  carriage-whccla  sometimes  eatch  fire? 

A.  Yes;  when  the  wheels  are  dry,  or  fit 
too  tightly,  or  revolve  very  rapidly, 

S$l>  Why  do  wheels  catch  fire  in  such  cases  ? 

A.  Because  the  friction  of  the  wheels  against 
the  axle-tree  disturbs  their  latent  heat,  and 
produces  ignition. 

582>  What  is  the  use  of  greasing  cart-wheels  ? 

A.  Grease  lessens  the  friction ;  and  because 
there  is  less  friction  the  latent  heat  of  tlie 
wheels  is  less  disturbed. 

583.  Why  does  rubbing  our  hands  and  faces  make 
thcin  feel  warm? 

A.  1st.  Because  friction  excites  the  latent 
heat  of  our  hands  and  faces,  and  makes  it 
sensible  to  our  feeling ;  and, 

2d.  The  blood  is  made  to  circulate  more 
quickly;  in  consequence  of  which,  the  quan- 
tity of  heat  left  in  its  passage  is  increased. 

584.  When  a  man  has  boon  almost  drowned,  why  ia 
Buspeadcd  animation  restored  by  rubbing? 
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A,  1st.  Because  friction  excites  the  latent 
heat  of  the  half-inanimate  body ;  and, 

2d.  It  makes  the  blood  circulate  more 
quickly,  which  increases  the  animal  heat. 

585.  Why  do  two  pieces  of  iee  rubbed  together  melt? 

A.  Ice  contains  140"  of  latent  heat;  and 
when  two  pieces  are  rubbed  together  some  of 
this  latent  heat  is  made  sensible,  and  mclta 
the  ice. 

586i  Why  do  carpenters'  tools  (such  as  gimlets,  saws, 
files,  &e.)  becomo  hot  when  used  ? 

A.  Because  the  friction  of  the  tools  against 
the  ^vood  disturbs  its  latent  heat,  and  makes 
it  sensible. 

687i  Crive  an  illustration  of  this. 

A.  When  a  carmon  is  bored,  the  borers  be- 
come so  intensely  hot  from  friction  that  they 
would  blister  the  hands  if  touched. 

58S.  Why  do  tlicse  borers  become  intensely  hot  ? 

A.  Because  the  friction  of  the  borers  against 
the  metal  is  so  great  that  it  sets  free  a  lai^e 
quantity  of  latent  heat. 

589>  Why  docs  a  wet  sponge  clean  a  slate? 

A.  Because  the  water  holds  in  solution  the 
pencil-marks  made  on  the  slate,  jmd  the  me- 
chanical friction  employed  in  wiping  the  slate 
detaches  the  particles  of  pencil-dust. 
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SECTIOH  ln.-COHDEHaATION  OE  COMPSE^IOH. 

590.  What  is  meaut  by  compression  ? 

A.  The  act  of  bringing  parts  nearer  toge- 
ther, as  a  sponge  is  compressed  by  being 
pqueezed  in  the  hand. 


mtion  (as  by  the  escape  of  oalorie)  ia  eatlod  Condensation. 

591i  Cannot  heat  be  erolved  from  common  air  merely 
by  compression  ? 

A.  Yes :  if  a  piece  of  tinder  be  placed  at 
the  bottom  of  a  glass  tube,  and  the  air  in  the 
tube  compressed  by  a  piston,  the  tinder  will 
catch  fire. 

592.  Why  will  the  tinder  catch  fire  ? 

A.  Because  the  air  is  compressed  ;  and  its 
latent  heat,  being  liberated,  sets  fire  to  the 
tinder  at  the  bottom  of  the  tube. 

593«  When  an  air-gun  is  discharged  in  the  dark,  why 
Is  the  discharge  accompanied  with  a  slight  flash  ? 

A.  Because  the  airisveryrapidlycondensed, 
and  its  latent  heat  developed  in  a  Hash  of 
light. 

If  a  glass  lens  be  fixed  in  the  copper  bull  where  the  air  of  tbe  pun 
U  condeneed,  a  flash  of  light  may  be  distinctly  disoeri.ed  at  the  stroke 
of  tbe  piston. 

594.  Why  does  the  hole  made  by  a  shot  or  canngn- 
6all  in  a  wall  or  timber  look  as  if  it  were  burnt  ? 

A .  Because  the  shot  or  cannon-ball  was  so 
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heated  by  the  discharge  as  actually  to  scorch 
the  material  into  which  it  penetrated. 

595.  Why  are  shot  and  cannon-halls  heated  hy  being 
discharged  irom  a  gun  or  cannon  ? 

A.  Because  the  air  is  so  rapidly  condensed 
when  the  discharge  is  made  that  stifficienl; 
latent  heat  is  developed  to  make  the  shot  or 
balls  hot. 
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NON-METALLIC  ELEMENTa 


595>  What  is  meant  by  non-metallic  elements  ? 
A.  Those  elementary  bodies  -which  do  not 
belong  to  the  class  of  metals. 

Elementary  bodies  are  those  which  have  never  been  Jecompnped; 
tbut  ie.  da  nut  appear  to  bo  compoi-eil  of  any  oouipounds,  but  are  pure 
subatances  in  ttieuiselves.     At  present  there  are  recltuiiod  flftcen  non- 


CHAPTER  I.— OXYGEN  AND   OXIDES. 

597.  What  is  the  difference  between  osjgen  and  an 
oxide!' 

A.  Oxygen  is  a  gas,  and  an  oxide  is  a  com- 
pound formed  by  the  union  of  oxygen  with 
other  bodies. 

EECTIOH  I.-OXTQElf, 

598.  What  is  oxygen  r 

A.  A  gaseous  body,  which  is  found  largely 
diflused  throughout  all  nature,  being  an  im- 
portant clementof  air  and  water,  rocks,  earths, 
minerals,  &c. 
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599>  IVhcn,  and  by  whom,  was  oxygen  discovered  ? 

A.  It  was  discovered  in  1774,  by  Schcele, 
in  Sweden,  and  Dr.  Priestley,  in  England,  in- 
dependent of  each  other.  They  described  it 
under  different  names. 

600<  Who  gave  it  the  name  of  oxygen  ?  and  what  is 
the  signification  of  the  word  ? 

A.  Lavoisier  gave  it  the  name,  which  is 
derived  from  two  Greek  words :  ogng,  (oxue,) 
an  acid,  and  yswaa,  (gennao,)  Iprwlute 

Tbia  name  vaa  given  to  iC  because  it  wa  then  tl  nught  to  be  the 
lole  aoidifying  principle.  Modern  disci  ver  es  I  ave  re  t  hed  thia 
error,  by  proving  tbo  oxiatfince  of  acida  in  tLo  compoait  n  of  nhicb 
there  is  do  oxygen. 

60l>  Is  oxygen  ever  found  in  a  hquid  or  ''ohd  state  f 

A.  No:  when  pure,  it  is  known  only  in 
the  gaseous  state :  all  efforts  to  reduce  it  to  a 
liquid  or  solid  condition  by  cold  or  pressure 
have  completely  failed. 

602,  Has  oxygen  any  taste  or  smell  ? 

A.  It  is,  when  pure,  colorless,  tasteless,  and 
inodorous. 

60S.   Of  what  use  is  oxygen  in  the  atmosphere  ? 

A.  It  sustains  animal  life  and  supports 
combustion. 

Qaysen  ens  forms  one-fifth  of  the  bulk  of  oar  atmosphere, 

€01.  Why  Ao  we  feel  braced  and  light-hearted  on  a 
fine  spring  or  frosty  morning? 

A.  1st.  Because  there  is  more  oxygen  in 
the  air  on  a  fine  spring  or  frosty  morning 
than  there  is  on  a  wet  day ;  and, 
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2d.  A  brisk  and  frosty  air  has  a  tendency 
to  brace  the  nervous  system. 

I>05i  Is  oxygen  necoasary  to  the  growth  of  plants  ? 

A.  It  is :  in  the  process  of  germination 
oxygen  is  consumed.  The  larger  the  quan- 
tity of  oxygen  that  surrounds  a  germinating 
seed,  the  quicker  will  be  its  growth. 

606.  y^  hat  is  meant  when  it  is  said  that  the  oxygen 
of  the  air  "supports  combustion"? 

A.  It  means  that  the  oxygen  of  the  air 
makes  fuel  burn. 

607.  How  does  the  oxygen  of  the  air  make  fuel  hurn  ? 
A.    The  fuel  is  decomposed  by  heat  into 

hydrogen  and  carbon ;  and  these  elements, 
combining  with  the  oxygon  of  the  air,  pro- 
duce combustion, 

608t  What  are  the  uses  of  the  oxygon  of  the  air? 

A.  To  support  combustion  and  sustain  ani- 
mal and  vegetable  life. 

609i  What  is   meant  when  it   is  said  that  oxygen 


A.  It  means,  if  a  person  could  not  inhale 
oxygen,  he  would  die. 

610>  What  good  does  this  inspiration  of  oxygen  do? 

A.  1st.  It  gives  vitality  to  the  blood; 
and, 

2d.  It  is  the  cause  of  animal  heat. 

Whenever  oxygon  combinQs  very  rapidly  witli  other  elemantapy 
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SECTIOS  II.-0XIDE3. 

4II>  What  are  oxides ? 

A.  The  compounds  formed  by  the  union 
of  oxygen  with  other  bodies  bear  the  general 
name  of  oxides. 

612.  What  is  rust? 

A.  The  oxidation  of  iron  in  moist  air. 

"Oxidation,"  iinpregnatiuo  with  oiygea. 

613.  Why  does  iron  rust? 

A.  Because  water  is  decomposed  when  it 
comes  in  contact  with  the  surface  of  iron : 
and  the  oxygen  of  the  water,  combining  with 
iron,  produces  an  oxide,  which  is  generally 
called  rust. 


6I4i  Why  does  air  rust  iron? 

A.  Because  the  oxygen  of  the  air  combines 
with  the  surface  of  the  metal  and  produce's 
oxide  of  iron,  which  is  generally  called 
"rust." 

c..pi>er,  &c. 

6l5i  Does  iron  rust  in  dry  air  ? 

A.  No  :  iron  undergoes  no  change  in  dry 
air. 

616.  Why  does  hot  iron  scale  and  peel  off  when  straofc 
with  a  hammer  ? 

A,  Because  the  oxygen  of  the  air  very 
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readily  unites  with  the  surface  of  the  liot 
iron,  and  forms  a  metallic  oxide,  (or  rust,} 
which  scales  oft"  when  struck  with  a  hammer. 

617.    Why  do  stoves  and  fire-irons  become  rusty  in 
rooms  which  are  not  occupied  ? 

A.  Because  the  air  is  damp ;  and  moist  air 
oxidizes  iron  and  steel. 


618.  In  what  part  of  the  year  is  it  most  difficult  to 
keep  stovea  and  fire-irons  bright  ? 

A,  In  autumn  and  winter,  because  in  those 
seasons  the  air  contains  more  moisture. 

619.  Why  is  it  more  difficult  t«  Iteep  stoves  and  fire- 
kons  bright  in  autuum  aud  winter  than  in  spring  and 

ir?      ■ 


A.  Because  the  capacity  of  the  air  for  hold- 
ing water  is  constantly  on  the  decrease  after 
the  summer  is  over;  in  coiisi  (jUence  of  which, 
vapor  is  deposited  on  every  thing  with  which 
the  air  comes  in  contact, 

620.  Why  does  greasing  iron  prevent  its  becoming 

A.  Because  grease  prevents  the  humidity 
of  the  air  from  coining  in  contact  with  the 
surface  of  the  iron. 

621.  Why  does  painting  iron  prevent  it  from  rusting? 
A.  Because  paint  prevents  the  moist  air 

from  coming  in  contact  with  the  iron. 
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622.  Why  will  liright  iron  lose  its  polist  by  being 
put  iiito  a  fire? 

A.  Because  the  oxygen  of  the  air  very  reOf 
dily  unites  with  the  surface  of  hot  iron,  and 
forms  a  metalhc  oxide,  which  displays  itself, 
in  this  case,  by  a  dull  leaden  color,  instead 
of  a  red  rust. 


A.  Because  stoves  are  generally  covered 
with  plumbago,  or  black-lead. 

624.  What  is  plumbago,  or  black-lead  ? 

A.  A  mixture  of  charcoal  and  iron. 

Plumbago,  alrielly  speaking,  is  n.  ebeinicnl  nnion  of  carbon  and 
irun,  in  tbe  fulluwing  propurtiuna :— »I  parts  carbon  and  B  iron.  But 
tho  blUiOk-luail  gold  in  shops  is  n  mixture  of  charooul  and  iron-filings. 

A  most  eioelltnt  varnisli  to  prevent  raft  is  made  of  one  pint  of  fat- 
oil  mrnisli,  mixed  with  five  pints  of  liighly-reatjfled  spirits  of  turpen- 
tine, rubbed  an  the  iron  or  Eteel  nidi  a.  piece  of  sponge.  Tbie  v-ftmish 
may  bo  applied  to  brigbt  slovos,  ai)d  oven  matbematienl  instrumeiits, 
vtitbout  injuring  their  deiieate  pulieb. 

625.  Why  does  om.imenta!  steel  of  a  purple  or  like 
color  rust  more  readily  than  polished  white  steel? 

A.  Because  the  lilac  tinge  is  produced  by 
partial  oxidation ;  and  the  process  which 
forms  rust  has,  therefore,  already  commenced. 

626.  How  can  lilac  steel  be  kept  free  from  rust  ? 
A.  By  keeping  it  in  a  very  dry  place. 


A.  Because  moisture  is  always  needed  in 
order  to  bring  into  action  the  affinity  of 
oxygen  for  steel. 
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C28.  When  a  black  subsoil  is  dug  or  ploughed  up,  it 
turns  of  a  reddish-brown  color  after  a  short  time :  why  is 
this? 

A.  Because  the  soil  contained  a  certain  com- 
pound of  iron,  called  the  "protoxide,"  which 
is  black :  this  protoxide  of  iron,  absorbing 
more  oxygen  from  the  moist  air,  is  converted 
into  another  compound,  called  the  "  peroxide 
of  iron,"  which  is  of  a  reddish,  rusty  color. 

There  are  two  oiides  of  iron, — one  containing  more  osjgcn  than 
the  iither.  Tho  jirotoside,  which  conlaiqs  tlie  leBsl  oxygen,  ia  black  i 
the  petfliide,  which  contains  the  moat  onygen,  is  red. 

besides  iron  combine  rapidly 

A.  Yes ;  copper,  lead,  mercury,  and  even 
silver  to  some  extent. 

630>  Why  does  copper  tarnish  ? 

A.  The  tarnish  of  copper  is  caused  by  its 
oxidation;  that  is,  the  oxygen  of  the  air  com- 
bines "with  the  surface  of  the  copper  and  covers 
it  with  a  dark  tarnish. 

631>  Why  does  lead  become  darker  by  being  exposed 
to  the  air  ? 

A.  Because  the  vapor  of  the  air  combines 
with  the  lead,  and  oxidizes  its  surface ;  but, 
instead  of  becoming  rusty,  the  surface  assumes 
a  darker  hue. 

632.  Why  does  Jead  lose  its  brightness  and  be<;ome 
dull  by  being  exposed  to  the  air  ? 

A.  The  dulness  of  the  lead  is  caused  by  the 
presence  of  a  carbonate  of  the  oxide.     When 
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the  oxide  is  formed,  it  attracts  carbonic  acid 
from  the  air,  and,  combining  with  it,  produces 
a  carbonate,  which  gives  the  dull  tint  to  old 
lead. 

633.  Why  is  it  difficult  to  keep  silver  bright  ? 

A.  Because  the  vapor  of  the  air  oxidizes 
its  surface,  and  tiirnishes  it. 

634.  WKy  does  eaU  turn  silver  black  '! 

A.  Because  it  precipitates  an  oxide  of 
silver  on  the  surface  of  the  spoon,  the  color 
of  which  is  black. 


635i  How  can  the  blatk  stain  of  silver  made  by  salt 

A.  By  washing  the  silver  in  hartshorn  or 
common  ammonia :  by  this  means  the  oxide 
will  be  re-dissolved,  and  the  blacltness  en- 
tirely disappear. 

636i  Why  do  silver  teapots  and  spoons  tarnish  more 
fjuieklj  than  pure  silver  1" 

A,  Because  alloy  of  some  baser  metal  is 
used,  to  make  them  more  hard  and  lasting ; 
and  this  alloy  oxidizes  more  quickly  than 
silver  itself. 


A.  Because  German  silver  has  a  great 
affinity  for  oxygen,  and  shows  its  oxidation 
by  a  sickly  yellow  tarnish,  instead  of  rust. 
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6S8i  If  quicksilver  (or  mercury)  will  tarnish  like 
copper  and  lead,  why  does  it  preserve  its  brilliancy  in 
barometers  and  thermometers  ? 

A.  Because  the  air  is  excluded;  and  no 
moisture  can  come  in  contact  with  it  to 
oxidize  (or  tarnish)  it, 

639.  Is  gold  iiffected  by  the  atmosphere? 

A.  Not  readily :  gold  will  never  combine 
with  oxygen  of  itself,  (that  is,  without  aid.) 

610i  Which  of  the  metals  is  capable  of  resisting 
oxidation  altogether? 

A.  Plat'inum;  in  consequence  of  "which, 
the  graduated  arcs  of  delicate  "instruments 
for  observation"  are  made  of  platinum  in 
preference  to  any  other  metal,  and  because 
it  never  rusts  it  is  used  for  points  to  lights 
ning-rods. 

641t  Why  is  platinum  used' for  the  graduated  arcs  of 
delicate  mathematical  instruments,  rather  than  any  other 
metal? 

A.  Because  it  will  never  oxidize,  but  re- 
tains its  bright  surface  in  all  weathers,  free 
from  rust  and  tarnish. 

642.  For  what  other  scientific  purpose  is  platinum 

A.  For  crucibles  in  which  acids  are  em- 
ployed, and  for  galvanic  batteries. 

643.  Why  arc  crucibles  in  which  acids  are  employed 
made  of  platinum  ? 

A.  Because  the  acid  would  act  upon  other 
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metals,  or  upon  glass,  and  prevent  the  ex- 
perimenter's success. 

644>  Before  platinum  was  discovered,  which  of  the 
metals  was. employed  for  the  same  purpose  ? 

A.  Gold. 

Piniinum,  {a  whila  metal,)  so  called  ftom  "plata,"  tha  Spanish 
word  fur  eilvtr.  It  was  introduoad  from  Soutli  Amerioa  into  England 
bj  Mr.  Wood,  A.D.  1749. 

fil5.  Which  of  the  metals  have  the  greatest  affinity 
for  oxygen  ? 

A.  Those  called  potassium  and  sodium. 


64fi>  How  is  the  affinity  of  potassium  and  sodium  for 
oxygen  shown  ? 

A.  They  decompose  water  as  soon  as  they 
are  brought  int«  contact  with  it. 

647t  What  efiect  has  potassium  on  water  ? 

A.  It  catches  fire  the  moment  it  is  throivn 
into  water,  and  bums  with  a  vivid  flame 
which  is  still  further  increased  by  the  com- 
bustion of  hydrogen,  separated  from  the 
water. 

Water  is  composed  of  o.vygen  and  hydrogen ;  and  potassium  sopa- 
rales  the  two  gasca. 

648.  What  effect  has  sodium  on  water  ? 
A.  It  does  not  take  fire  as  potassium  does, 
but  undergoes  very  rapid  oxidation. 
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CHAPTER  II.— HYDROGEN  AND  WATER. 


A.  Hydrogen  is  an  inflammable  gas ;  and 
water  is  composed  of  hydrogen  and  oxygen. 

BEOTIOH  I.-HYI)EOaEH, 
650.  What  Is  hydrogen  ? 

A.  An  inflammable  gas.  The  gas  used 
in  our  streets  is  hydrogen  driven  out  of  coal 
by  beat.  Hydrogen  is  the  principal  ingre- 
dient, of  water. 

Coal-gH^  (properly  ep«&kiDg)  la  oarlinTeUed  hydrogen;  tbat  is,  car- 
boD  and  hydrogen. 

Hydrogen   dorivca  its  name  frnm  two    Greek  Bords,  iSap,  (udor,) 

65l>  When  was  hydrogen  gas  discovered? 

A.  It  was  discovered  in  the  sixteenth 
century,  by  Paracelsus,  a  Swiss  philosopher, 
but  was  first  investiga.ted  by  Henry  Caven- 
dish in  the  year  1781. 

652i  Has  hydrogen  any  taste  or  color  ? 

A.  It  has,  when  pure,  neither  taste,  color, 
nor  smell.  When  it  has  any  odor,  it  arises 
from  impurities. 

653>  Does  hydrogen  support  life  ? 

A.  No  :  it  destroys  it,  rather  by  excluding 
oxygen  than  by  its  own  injurious  effects. 
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A.  No  :  it  is  highly  combustible,  but  doea 
not  support  combustion.  Uniting  with  oxy- 
gen it  forms  water. 

655»  What  are  the  peculiar  characteristics  of  hy- 
drogeD  gas  ? 

A.  Ist.  It  is  the  lightest  of  all  known 
substances ; 

2d.  It  will  bum  with  a  very  pale  flame, 
forming  water  by  uniting  with  the  oxygen 
of  the  air; 

3d.  A  lighted  candle  immersed  in  this  gas 
will  be  instantly  extinguished.* 

6S8<  For  what  uses  is  hydrogen  gas  employed  ? 

A.  1st.  Owing  to  its  lightness,  it  is  used 
to  inflate  balloons ;  and, 

2d.  Burned  with  oxygen  it  is  used  in  the 
hydrogen  blowpipe. 

657.  What  is  a  blowpipe  ? 

A.  A  tube,  usually  bent  near  the  end, 
terminated  with  a  finely-pointed  nozzle,  for 
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blowing  through  the  flume  of  a  lamp  or  gas- 
jet,  and  producing  thereby  a  small  conical 
flame  possessing  very  intense  heat. 

658t  Describe  the  hydrogen  blowpipe. 

A.  A  mixture  of  oxygen  and  hydrogen, 
when  ignited,  produces  an  intense  heat,  and 
constitutes  the  hydrogen  blowpipe. 

659.  Who  invented  the  hydrogen  blowpipe  ? 

A.  Dr.  Hare,  of  Philadelphia. 

66O1  Describe  the  Drummond  light. 

A.  It  is  the  ignited  flame  of  a  mixture  of 
oxygen  and  hydrogen,  projected  against  lime; 
the  lime  becomes  intensely  luminous,  and 
forms  the  well-known  Drummond  light, 

SEOTIOH  II.-WATES. 

661.  WTiat  is  water  ? 

A.  Water  is  a  fluid,  composed  of  oxygen 
and  hydrogen,  in  the  proportion  of  eight 
parts  of  oxygen  t«  one  part  of  hydrogen. 

662.  Why  is  wat«r  fluid  ? 

A.  Because  its  particles  are  kept  separate 
by  latent  heat :  when  a  certain  quantity  of 
this  latent  heat  is  driven  out,  water  becomes 
solid,  and  is  called  ice. 

Bj  inereasing  its  latent  heat  the  partiolea  of  niter  are  again  sub- 
divided iut^  invisibk  eteam. 

663., Is  water  generally  diffused  throughout  organio 
bodies  ? 

A.  It   is.     The  sea  covers    nearly  three- 
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fourths  of  the  earth's  surfdce ;  the  air  is 
impregnated  with  water  in  the  form  of 
■vapor;  and  water  enters  into  the  compo- 
sition of  all  plants,  animals,  and  even  of 
some  minerals. 

66l>  Has  pure  water  any  taste  or  smell  ? 

A.  It  has  neither;  and  when  viewed  in 
small  quantities  it  is  colorless,  but  in  a  largo 
mass  it  has  a  bluish  tint. 

6fi5>  What  peculiar  properties  belong  to  water  ? 

A.  It  is  a  conductor  of  electricitj,  and 
possesses  the  power  of  dissolving  many  sub- 
stances, 

66fii  Is  water  over  found  in  a  state  of  perfect  purity? 

A.  No :  even  rain  and  snow  contain  the 
various  gases  of  the  atmosphere. 

667«  What  is  meant  hy  hard  water? 

A.  Water  in  which  the  salts  of  lime  and 
other  substances  have  been  dissolved. 

868.  Why  is  pump-water  called  hard  water  ? 

A.  Because  it  is  laden  with  foreign  matters, 
and  will  not  readily  dissolve  substances  im- 
mersed in  it. 

669.  What  makes  pump-wator  hard  F 

A.  "When  it  filters  through  the  earth,  it 
becomes  impregnated  with  sulphate  of  lime, 
and  many  other  impurities  from  the  earths 
and  minerals  with  which  it  comes  in  contact. 
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670.  What  is  the  cause  of  mineral  springs  ? 

A.  When  water  trickles  through  the 
ground,  it  dissolves  some  of  the  substances 
with  which  it  comes  in  contact :  if  these  sub- 
stances are  metallic,  the  water  will  partake 
of  their  mineral  character. 

Sume  waWr  is  imbuad  with  lime,  aomo  with  salt,  Ac.  &c. 

671i  Wliy  is  it  difficult  to  wast  the  hands  clean  with 
hard  water  'I 

A,  Because  the  soda  of  the  soap  combines 
with  the  sulphuric  acid  of  the  hard  water, — 
and  the  oil  of  the  soap  with  the  lime, — and 
floats  in  flakes  on  the  top  of  the  water. 

Sulpliftte  of  lime  ooaaiats  of  sulphuric  acid  and  lima. 

672.  Why  ia  it  difficult  to  wash  in  salt  water  ? 

A.  Because  it  contains  muriatic  acid ;  and 
the  soda  of  soap  combines  with  the  muriatic 
acid  of  the  salt  water,  and  produces  a  cloudi- 
ness. ■■ 

673.  Does  thQ  clearness  of  wat«r  imply  purity  ? 

A.  It  does  not :  water  may  be  very  clear 
and  yet  very  impure  and  unwholesome. 
For  example,  the  well-water  in  cities,  though 
apparently  pure,  is  unfit  for  drinking. 


A.  It  cannot :  no  ordinary  filtration  cai; 
remove  dissolved  impurities, 

675.  What  are  the  qualifications  of  good  drinking- 
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A.  It  should  be  clear,  and  when  poured 
into  a  tumbler  it  should  sparkle  with  the 
gases  rising  through  it. 

676.  Wluit  gaaea  rise  through  pure  water  ? 

A.  Oxygen  and  carbonic  acid  gas  give  to 
water  its  refreshing  and  thirst-quenching  pro- 
perties. 


A,  Because  the  gases  have  escaped  from 
it,  which  renders  it  flat  and  stale.  Sunlight 
will  have  the  same  effect  as  a  warm  room. 

678i  What  is  another  test  of  good  water  ? 

A,  Water  which  cattle  drink  most  readily 
is  clear,  soft,  and  soap  forms  with  it  a  lather 
freely. 

679.  Why  is  soft  water  preforahlo  to  hard  water  for 
drinking  ? 

A.  If  we  drink  hard  water,  it  not  only  lies 
heavily  on  the  stomach,  but  has  to  be  freed 
from  its  impurities  by  distillation  through 
the  capillaries,  before  the  blood  can  re- 
ceive it. 

680.  What  is  the  cause  of  petrifactions  ? 

A.  While  water  runs  under  ground,  its 
impurities  are  held  in  solution  by  the  pre- 
sence of  carbonic  acid ;  but  when  the  stream 
reaches  the  open  air  its  carbonic  acid  escapes, 
and    these    impurities    are    precipitated    o» 
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various  substances  laying  m  the  course  of  the 
stream. 

Tbe?e  impurities  are  tspeaianj  csrbonate  of  lime  aail  irua. 

68li  Why  does  water  clean  dirty  lineti  ? 
A,  Because   it  dissolves   the  stiiins,  as  i( 
would  dissolve  salt. 

682«  Wliy  does  soap  greutly  increase  the  cleansing 
power  of  water? 

A.  Because  many  stains  are  of  a  greasy 
nature ;  and  eoap  has  the  power  of  uniting 
with  greasy  matters  and  rendering  them 
soluble  in  water. 

683.  "Why  ia  raiii-watcr  soft? 

A.  Because  it  is  not  impregnated  with 
earths  and  minerals. 

684t  Why  is  it  more  easy  to  wash  with  soft  water 
thun  with  hard  ? 

A.  Because  soft  water  unites  freely  with 
Boap,  and  dissolves  it,  instead  of  decomposing 
it,  as  hard  water  does. 

685.  Why  do  wood-ashes  make  hard  water  soft  ? 

A.  1st,  Because  the  carbonic  acid  of  wood- 
ashes  combines  with  the  sulphate  of  lime  in 
the  hard  water,  and  converts  it  into  chalk ; 
and, 

2d.  Wood-ashes  convert  some  of  the  solu- 
ble salts  of  water  into  insoluble,  and  throw 
them  down  as  a  sediment;  in  consequence 
cif  which,  the  water  remains  more  pure. 
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686t  Why  lias  rain-water  an  unpleasant  smell  wliea 
it  13  collected  in  a  tub  or  tauk  ? 

A.  Because  it  is  impregnated  with  de- 
composed organic  matters  washed  from  roofs, 
trees,  or  the  casks  in  which  it  is  collected. 

r  salt  give  a  flavor  to 

A.  Because  the  sugar  or  salt,  being  dis- 
united into  very  minute  particles,  floats 
about  the  water,  and  mixes  with  every 
part. 

688.  Why  docs  hot  wator  melt  sugar  and  salt  quicker 
than  cold  watev '! 

A.  Because  the  heat,  entering  the  pores 
of  the  sugar  or  salt,  opens  a  passage  for  the 
water. 

68di  Why  is  sea-water  brackish  ? 

A.  1st.  Because  the  sea  contains  mines  of 
salt  at  the  bottom  of  its  bed ; 

2d.  It  is  impregnated  with  bituminous 
matter,  which  is  brackish  ;  and, 

3d.  It  contains  many  putrid  substances  of 
a  brackish  nature. 

690i  The  water  at  the  equator  contains  more  salt 
than  sea-water  in  higher  latitudes.     Explain  this. 

A.  Owing  to  the  greater  heat  of  the  sun 
near  the  equator,  the  evaporation  is  greater ; 
and  when  sea-water  is  evaporated  the  salt  ia 
left  behind. 
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691.  Why  ia  not  raJD-water  salt,  although  moat  of  it 
i  from  the  sea  ? 


A.  Because  salt  will  not  evaporate ;  and, 
therefore,  when  scar-water  is  turned  into 
vapor  its  salt  is  left  behind. 

692.  Why  doea  running  water  oscillate  and  whirl  in 
its  current? 

A.  1st.  Because  it  impinges  against  ita 
banks,  and  ie  perpetually  diverted  from  its 
forward  motion ;  and, 

2d.  Because  a  river  at  its  centre  iiowa 
faster  than  at  its  sides, 

low  more  tardily  at  its  sidea 

A.  Because  it  rubs  or  impinges  against  its 

banks,  and  is  delayed  in  its  current  by  this 
friction. 


CHAPTER   III.— NITROGEN   AND   AIR. 
SEOTIOIT  L-HITROHEH. 

694.  What  is  nitrogen  ? 

A.  An  invisible  gas  which  abounds  in 
animal  and  vegetable  substances.  The  fol- 
lowing are  its  peculiar  characteristics : — 

1st.  It  will  not  burn  ; 

2d.  An  animal  cannot  live  in  it ; 
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3d.  It  is  tlie  principal  ingredient  in  com- 
mon air.* 

Nearly  four  gallona  ont  of  every  five  of  air  are  nitrogen  ga>. 
"Nitrogen,"  that  ia,  geueratot  of  nitre;  also  eallod  oiote,  from  th» 
Greek  words  o,  (a.,)  prhfilive,  or  to  depHce  of,  and  iidn,  (loe,)  life. 

695.  When,  and  by  whom,  was  citrogen  discovered? 

A.  In  the  year  1772,  by  Eutherford. 

69S*  la  nitrogen  capable  of  sustaining  combustion  ? 

A.  No :  nitrogen,  like  hydrogen,  is  in- 
capable of  sustaining  combustion  or  animal 
existence,  although  it  has  no  positive  poison- 
ous properties. 

697t  Has  nitrogen  any  color? 

A.  No:  nitrogen  has  neither  color,  taste, 
nor  smell. 

698i  What   ja   supposed    to  be   one  of  the  uses  of 

A.  We  are  doubtless  unacquainted  with 
many  of  its  uses;  but  its  presence  in  the 
atmosphere  counteracts  the  evil  effects  of 
pure  oxygen  upon  the  human  system. 

699.  What  evil  effect  would  ensue  if  oxygen  were  in- 
haled by  a  human  being  or  animal  for  any  length  of  time  ? 

A.  It  would  cause  inflammation,and  finally 
death. 

•  NiWogtc  gtts  may  easily  be  obtained  Urns  : — Put  a  piece  of  burn- 

glasa  over  it,  (Be  eure  tie  edge  of  the  gloES  stands  in  the  water.) 
In  a  few  minutes  th«  oijgen  of  the  air  will  be  taken  up  by  the  bum- 
iug  phosphorus,  and  nitrogen  alone  will  be  left  in  the  bell-gliiss. 

The  white  fume  which  will  arise  and  be  absorbed  by  the  water  in 
this  eiperiment  is  phosphoric  acid, — that  is,  pbOEphorus  combined 
with  the  osygon  of  the  air. 

13* 
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8E0TI0M  II.-AIH. 

700t  What  are  the  elements  of  atmospheric  air? 

A.  Oxygen  and  nitrogen  mixed  togethci- 
in  the  following  proportions :  about  four 
gallons  of  nitrogen  and  one  of  oxygen  will 
make  five  gallons  of  common  air, 

701.  Is  not  the  air  we  breathe  almost  wholly  com- 
posed of  nitrogen  ? 

A.  It  is :  nearly  four-fifths  of  the  air  is 
nitrogen,  and  the  other  one-fifth  is  oxygen. 

But  nitrogen  is  a,  gas  which  cannnt  support  animal  life;  wherBaa 
tho  air  ot  atmosphere  whicli  wb  breathe  is  a.  thin,  trimsparent  flairi 
which  surrounds  the  earth,  and  supports  aniual  life  by  respiration. 

-  702.  Why  is  there  so  much  nitrogen  in  the  air? 

A.  In  order  to  dilute  the  oxygen.  If  the 
oxygen  were  not  thus  diluted,  fires  would 
burn  out  too  quickly,  and  life  would  be  too 
rapidly  exhausted. 

703i  What  is  meant  hy  diffusion  ? 

A.  That  process  by  which  gases  and 
liquids,  when  in  contact,  pass  through  each 
other  and  intermingle. 

704.  What  part  does  this  law  of  diffusion  perform  in 
nature  ? 

A.  The  accumulation  of  gases  unfit  for 
animal  and  vegetable  life  is,  by  diffusion, 
silently  dispersed,  and  the  air  is  kept  com- 
paratively pure. 

705.  If  it  were  not  for  the  law  of  diffusion,  what 
would  occur  on  lighting  the  first  fire  ? 
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A.  The  oxygen  of  the  air  would  separate 
from  the  nitrogen,  and  a  universal  coniiagra- 
tion  would  ensue. 

706.  What  effect  has  the  law  of  thediffuBioQ  of  gases 
upou  vegetation  ? 

A.  Carbonic  acid,  which  is  necessary  to 
vegetable  life,  is  by  this  provision  diffused 
throughout  all  the  particles  of  air. 

707>  What  effect  has  the  diffusion  of  gases  upon 
respiration  ? 

A.  The  minutfl  cells  of  the  lungs  would 
not  be  freed  from  tlie  carbonic  acid  which 
they  contain,  and  death  must  ensue. 

708i  la  mr  material?  that  is,  is  it  composed  of 
matter  ? 

A,  It  is.  We  do  not  see  the  air  in  the 
room,  because  it  is  transparent ;  but  we  feel 
it  when  we  run  or  fan  ourselves,  and  we  hear 
through  the  medium  of  the  air :  therefore  it 
is  material,  or  composed  of  matter ;  for 
matter  is  that  which  is  perceived  by  our 
senses. 

709>  Is  air  invisihle  ? 

A.  No :  for,  although  we  cannot  perceive 
it  immediately  around  us,  when  we  look  uji 
into  the  firmament  illuminated  by  the  sun, 
the  air  appears  of  a  beautiful  azure.  This 
is  the  mass  of  the  atmosphere.  Distant 
mountains  appear  of  a  blue  color,  owing  to 
our  viewing  them  through  the  atmosphere. 
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710.  Why  can  we  not  see  the  air  immediately  around 
us  of  the  same  beautiful  azure  ? 

A.  So  small  a  portion  of  air  reflects  little 
or  no  color,  wh'ile  a  mass  would  be  capable 
of  reflecting  a  beautifiil  tint.  So  it  is  with 
a  small  quantity  of  sear-water  dipped  up  in  a 
glass  :  it  would  appear  perfectly  colorless  : 
yet  the  deepest  part  of  the  ocean  appears  of 
a  dark  green,  approaching  to  a  black. 


CHAPTER  IV.— CARBON. 

711.  What  is  carhon  ? 

A.  A  solid  substance  generally  of  a  dark 
or  black  color,  well  known  under  the  forms 
of  charcoal,  lamp-black,  soot,  &c. 

7l2i  Carbon  occurs  in  nature  crystallized  in  two 
forms :   what  are  they  ? 

A.  The, Diamond  and  Graphite. 

Graphite,  from  the  Greek  ypafiir,  (graphoin,)  to  loriie.  It  is  also 
knonn  by  Uie  name  of  plumbago,  or  black-lead,  nadisused  for  making 

713.  Why  does  Indian-rubber  erase  pencil-marks 
from  paper  ? 

A.  Because  Indian-rubber  contains  a  very 
large  quantity  of  carbon.  Black-lead  is  car- 
bon and  iron. 
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Now,  the  carbon  of  the  Indian-rubber  has 
80  great  an  attraction  for  the  black-lead  that 
it  takes  up  the  loose  traces  of  it  left  on 
paper  by  the  pencil. 

Caontchimo,  orInilian-nibber,iaacomponndofcttrhcn  nndtyilroj-en. 
Graphite,  plumbago,  or  blacb-laad,  is  amioeial  snbstanoo.  composed 
ohiefly  of  carbon  with  a  very  small  proportion  of  iron. 

7l4i  Where  ia  the  diamond  chiefly  found? 

A.  In  India,  the  island  of  Borneo,  Brazil, 
and  Australia.  It  has  also  been  found  in 
North  Carolina  and  Georgia  in  the  United 
States. 

715.  Where  h  graphite  found  ? 

A.  In  Ceylon,  Germany,  England,  and 
other  places ;  but  the  purest  graphite  comes 
from  Ceylon. 

716.  What  is  a  crystal  ? 

A.  The  geometrical  form  possessed  by  a 
vast  number  of  mineral  and  saline  sub- 
stances, whose  particles  combine  with  one 
another  by  the  attraction  of  cohesion,  accord- 
ing to  certain  laws,  the  investigation  of 
which  belongs  more  properly  to  the  science 
of  crystallography. 

717.  What   pcuuhar   properties   does   the    diamond 

A.  It  possesses  a  degree  of  hardness  supe- 
rior to  that  of  any  other  mineral :  it  scratches 
all  other  bodies,  but  is  scratched  by  none. 

It  acquires  positive  electricity  by  friction, 
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but  does  not  retain  it  for  more  than  half  an 
hour. 

It  possesses  either  single  or  double  re- 
fraction according  to  its  crystalline  form. 

When  exposed  to  the  sun's  rays  for  a 
certain  time,  or  to  the  blue  rays  of  the  pris- 
matic spectrum,  it  becomes  phosphorescent. 

"  Phosphoraaeenee,"  Ihftt  prO|)erlj  posseaaeil  by  cerliiin  sutstances 
of  cmilting  n  light  uf  Lhcir  uwn. 

718i   Can  the  diamond  be  burnt  ? 

A.  Yes;  but  it  requires  a  very  strong  heat. 
When  burnt  in  oxygen  it  forms  carbonic 
acid. 

719.  Can  you  give  an  example  of  carbon  in  its  un- 
crystallized  state  ? 

A.  Lamp-black — the  soot  produced  by  the 
imperfect  combustion  of  oil  or  resin — is  pure 
carbon    in  its  uncrystallized  or  amorphous 

state. 

"  Amorphovt,"  shapeless,  without  form. 

720.  What  ia  charcoal  ? 

A.  Wood  which  has  been  exposed  to  a 
red  heat  till  it  has  licen  deprived  of  all  its 
gases  and  volatile  parts. 

72Ii  Why  does  charcoal  remove  the  taint  of  meat  ? 

A.  Because  itabsorbs  all  putrescent  effluvia, 
whether  they  arise  from  auimal  or  vegetable 
matter. 

722.  What  other  kinds  of  charcoal  arc  there? 
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A,  Coke,  the  charcoal  of  bituminous  coal, 
and  anthracite,  which  is  a  mineral  charcoal. 


723t  Why  is  a  charcoal  fire  hotter  than  a  wood  fire  ? 

A.  Because  charcoal  is  verj'  pure  carbon ; 
and,  as  it  is  the  carbon  of  fuel  which  pro- 
duces the  glowing  heat  of  combustion,  there- 
fore the  purer  the  carbon  the  more  intense 
will  the  heat  of  the  fire  be. 

724.  What  is  coal  ? 

A.  A  fossil  fuel  of  vegetable  origin,  found 
under  the  surface  of  the  earth.  The  largest 
coal-fields  in  the  world  are  in  North  America. 

Coal  is  also  fccnd  in  great  abuDdnncc  in  Great  Britain,  France, 
Oerumii;,  India,  China,  and  Australia. 

725.  What  is  jet  ? 

A.  A  species  of  bituminous  coal,  found  in 
Saxony  and  Prussia.  The  coarser  kinds  are 
used  for  fuel,  and  the  finer  sorts  for  the 
manufacture  of  breastpins,  ear-rings,  and 
other  trinkets. 

726i  Why  does  coal  make  such  excellent  fuel  ? 

A.  Because  it  contains  a  large  amount  of 
carbon  and  hydrogen  gas  in  a  very  compact 
juad  convenient  form. 

727>  W^hy  ■nil!   not   stones  do  for  fuel  as  well  as 

A.  Because  they  contain  no  hydrogen  and 
little  or  no  carbon. 
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728.  Why  will  not  iron  cinders  bum  ? 

A.  Because  they  contain  impurities,  whicii 
are  not  so  ready  to  combine  with  oxygen  as 
carbon  and  hydrogen  are. 

729.  Of  what  are  oil,  tallow,  and  was  composed  ? 
A.  Principally   of  carbon   and    hydrogen 

gas.  The  solid  part  is  carbon,  the  volatile 
part  is  hydrogen  gas. 

730i  Why  arc  timbers  which  are  to  be  exposed  to 
damp  firjHt  charred  ? 

A.  Because  charcoal  undergoes  no  change 
by  exposure  to  air  and  water;  in  conse- 
quence of  which,  timber  will  resist  weather 
much  longer  after  it  has  been  charred. 

731.  Why  should  sick  persons  eat  dry  toast  rather 
tiian  bread  and  butter  ? 

A.  Because  the  charcoal  surface  of  the 
toast  helps  to  absorb  the  acids  and  impurities 
of  a  sick  stomach. 

Other  reasuus  might  be  given  which  belong  to  the  acLenoo  of  medi- 

e  of  burnt  bread  make  impure 

A.  Because  the  surface  of  the  bread 
(which    has    been   reduced    to   charcoal   by 

being  burnt)  absorbs  the  impurities  of  the 
water  and  makes  it  palatable. 

733.  Why  are  water  and  wine  casks  charred  inside  ? 

A.  Because  charring  the  inside  of  a  cask 
reduces  it  to  a  kind  of  charcoal;  and  char- 


,y  Google 


CARBONIC    ACID.  107 

foal  (by  absorbing  animal  and  vegetable  im- 
purities) koeps  the  liquor  sweet  and  good, 

734.  Why  ia  water  purified  by  being  filtered  tbrough 
charcoal  ? 

A,  Because  charcoal  absorbs  the  impurities 
of  the  water,  and  removes  all  disagreeable 
tastea  and  smells,  whether  they  arise  from 
animal  or  vegetable  matter, 

SECTION  I.-OAEBOHIO  AOCD. 
7S5i  What  is  carbonic  aeid  gas  ? 
A,  A  gas  formed  by  the  union  of  carbon 
and  oxygen :  it  used  to  be  called  fixed  air. 

Three  pouuds  of  carbon  and  eight  pounda  of  osjgeii  will  form 
eleven  [.ouada  of  earbouie  acid. 

336.  Where  is  carbonic  acid  found  ? 

A.  In  the  air  we  breathe,  in  mines  and 
cellars,  in  water,  in  effervescing  wines,  and 
in  many  minerals. 

At  Brohl,  nenr  Lake  Iiaach,  which  oceupies  the  crater  of  nn  extinct 
volcano  in  Rhenish  Prussia,  six  Iiundred  thousand  ponnds'  weight  of 
carhonie  acid  gas  is  disolmrged  from  tbo  ground  every  tnenty-fuur 

737.  What  gas  is  generated  by  a.  lighted  eaudlc  nr 
lamp? 

A.  Carbonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  the  oil  or  tallow  with 
the  oxygen  of  the  air. 

738i  Under  what  circumstances  does  carbon  most 
readily  unite  with  oxygen  ? 

A.  Ist.   "When  its  temperature  ia  raised: 
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thus,  if  carbon  be  red-hot,  oxygen  ivill  most 
readily  unite  with  it ;  and, 

2d.  When  it  forms  part  of  the  fluid 
blood. 

carbon  so  readily  unite  in 

A.  Because  the  atoms  of  carbon  are  so 
loosely  attracted  by  the  other  materials  of 
the  blood  that  they  unite  very  readily  with 
the  oxygen  of  the  air  inhaled. 

740.  Is  carbonic  acid  wholesome  ? 

A.  No :  it  is  fatal  to  animal  life,  and, 
whenever  it  is  inhaled,  acts  like  a  narcotic 
poison, — producing  drowsiness,  which  some- 
times ends  in  death. 

In  the  ielancl  of  Java  is  a  valley  nlioul  three-qunrtora  of  a  mile  in 
clrcutDfia-enFe,  in  vliiuli  tlie  csrbaiiii;  acid  gas  rises  (u  eigbMen  feet 
above  the  surface :  hom  this  caase  tbe  nbule  of  the  Tulle;  ia  devoid  of 
Boimal  and  vegetable  life.  A  dug  thrunii  down  Inlo  It  diea  in  fourteen 
seconds,  and  birds  atteinpHng  to  fly  actoss  tbe  valley  drop  down  dead. 
It  is  called  the  poicon,  or  Upas  valley,  und  is  (be  lerror  of  tbe  neigh, 
boring  inhabilaiils.     This  valley  is  the  craler  of  an  extinct  volcimo. 

J4I.  How  can  any  one  know  if  a  place  be  infested 
with  carbonic  acid  gas  ? 

A.  If  a  pit  or  well  contain  carbonic  acid, 
a  candle  let  down  into  it  will  be  instantly 
extinguished.  The  rule,  therefore,  is  this : — 
where  a  candle  will  hum,  a  man  can  live ; 
but  what  will  extinguish  a  candle  will  also 
destroy  life. 

742.  Why  does  a  miner  lower  a  lighted  candle  into 
a  mine  before  he  descends  ? 

A.  Because  the  candle  will  be  extinguished 
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if  the  mine  contain  carbonic  acid  gas;  but 
if  the  candle  be  not  extinguished,  the  mine 
is  safe,  and  the  man  may  fearlessly  descend. 

743.  WJiy  does  a  crowded  room  produce  headaclie  ? 
A.  Because  we  breathe  air  vitiated  by  the 

crowd. 

744.  Why  is  tho  air  of  a  room  vitiated  by  a  crowd  ? 

A.  Because  it  is  deprived  of  its  due  pro- 
portion of  oxygen  and  laden  with  carbonic 
acid, 

745.  How  ia  the  air  of  a  room  affected  thus  by  a 
crowd  ? 

A.  The  elements  of  the  air  inhaled  are 
separated  in  the  lungs :  the  oxygen  is  con- 
verted in  the  blood  into  carbonic  acid,  and 
the  carbonic  acid,  together  with  the  nitrogen, 
is  tlirown  back  again  by  the  breath  into  the 
room. 

746.  Is  all  the  nitrogen  rejected  by  the  lunga  ? 

A.  Yes :  all  the  nitrogen  of  the  air  is 
always  expired. 

747.  Why  is  a  crowded  room  unwholesome  ? 

A.  Because  the  oxygen  of  the  air  is  ab- 
sorbed by  the  lungs ;  and  carbonic  acid  gas 
(which  is  a  noxious  poison)  is  substituted 
for  it. 

748.  Mention  the  historical  circumstances  so  well 
known  in  connection  with  the  "  Black  Hole  of  Calcutta," 

A.  In  the  reign  of  George  II.  the  Raja 
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(or  Prince)  of  Bengal'^  marched  su(l(iei:lj 
to  Calcutta,  to  drive  the  Enghsh  from  the 
country.  As  the  attack  was  unexpected,  the 
English  were  obliged  to  submit,  and  one 
hundred  and  forty-six  persons  were  taken 
prisoners. 

749i  What  became  of  tlioso  prisoners  ? 

A.  They  were  driven  into  a  place  about 
eighteen  feet  square,  and  fifteen  or  sixteen 
feet  in  height,  with  only  two  small  grated 
windows.  One  hundred  and  twenty-three 
of  the  prisoners  died  in  one  night;  and  of 
the  twenty-three  who  survived  the  larger 
portion  died  of  putrid  fevers  after  they  were 
liberated. 

750t  Why  were  they  saffocatod  in  a  few  hours  froii; 
confinement  in  this  close,  hot  prison-hole  ? 

A.  Because   the  oxygen  of  the   air  was 

soon  consumed  by  so  many  lungs,  and  its 
place  supplied  by  carbonic  acid,  exhaled  by 
the  hot  breath, 

751.  Why  did  the  captives  in  the  Black  Hole  die 
Bleeping  ? 

A,  1st.  Because  the  absence  of  oxygen 
quickly  affects  the  vital  functions,  depresses 
the  nervous  energies,  and  produces  a  lassi- 
tude which  ends  in  death ;  and, 

2d,  Carbonic    acid    gas,    being   'a  narcotic 

«  The  Sur  Bnja,  at  Dowlal,— a  young  man  of  violent  possionj,  wto 
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poison,  produces   drowsiness   and    death    in 
those  who  inhale  it. 

752t  Why  are  the  jungles  of  Java  and  Ilindostan  eo 
fatal  to  life  ? 

A.  Because  vast  quantities  of  carbonic 
acid  are  thrown  off  by  decaying  vegetables 
in  these  jungles;  and,  as  the  wind  cannot 
penetrate  the  thick  brushwood  to  blow  the 
pernicious  gas  away,  it  settles  there,  and 
destroys  animal  life. 

753.  Why  do  persons  in  a  crowded  church  feel 
drowsy  ? 

A.  1st.  Because  the  crowded  congregation 
inhale  a  large  portion  of  the  oxygen  of  the 
air,  which  alone  can  sustain  vitality  and 
healthy  action ;  and, 

2d.  The  air  of  the  church  is  impregnated 
with  carbonic  acid  gas,  which,  being  a  strong 
narcotic,  produces  drowsiness  in  those  who 
inhale  it. 

?54i  Why  do  persons  who  are  much  in  the  open  air 
enjoy  the  best  health  ? 

A.  Because  the  air  they  inhale  is  much 
more  pure. 

e  pure  thiin  the  air  in 

A.  1st.  Because  there  arc  fewer  inhabit- 
ants to  vitiate  the  air ; 

2d.  There  are  more  trees  to  restore  the 
equilibrium  of  the  vitiated  air ;  and. 
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3d.  The  free  circulation  of  air  keeps  it 
pure  and  wholesome, — in  the  same  way  as 
running  streams  are  pure  and  wholesome, 
while  stagnant  waters  are  the  contrary. 

756.  Why  does  tlie  scantiness  of  a  country  population 
render  tie  country  air  more  pure  ? 

A.  Because  the  fewer  the  inhabitants  the 
less  carbonic  acid  will  be  exhaled ;  and  thus 
country-people  inhale  pure  oxygen,  instead 
of  air  impregnated  with  the  narcotic  poison 
called  carbonic  acid  gas. 


A.  1st.  Because  trees  and  flowers  absorb 
the  carbonic  acid  generated  by  the  lungs  of 
animals,  putrid  substances,  and  other  noxious 
exhalations ;  and, 

2d.  Trees  and  flowers  restore  to  the  air 
the  oxygen  which  man  and  other  animals 
inhale. 

758>  W!iy  is  the  air  of  cities  less  wholesome  than 
country  air? 

A.  1st.  Because  there  arc  more  inhabitants 
to  vitiate  the  air ; 

2d.  The  sewers,  drains,  and  filth  of  a  city 
very  greatly  vitiate  the  air ; 

3d.  The  streets  and  alleys  prevent  a  free 
circulation ;  and, 

4th.  There  are  fewer  trees  to  absorb  i\u/ 
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excess  of  carbonic  acid  gas  and  restore  the 
equilibrium. 

759.  Why  arc  persons  who  live  in  close  rooms  and 
crowded  cities  generally  sickly  ? 

A.  Because  the  air  they  breathe  is  not 
pure,  but  is,  in  the  first  place,  defective  in 
oxygen,  and,  in  the  second,  is  impregnated 
with  carbonic  acid  gas. 

76Di  Where  does  the  carbonic  acid  gas  of  closo  rooms 
and  cities  come  from  ? 

A.  From  the  lungs  of  the  inhabitants,  the 
sewers,  drains,  and  other  like  places,  in  which 
organic  substances  arc  undergoing  decompo- 
sition. 

761.  What  becomes  of  the  carbonic  acid  gas  of  crowded 

A.  Some  of  it  is  absorbed  by  vegetables  : 
the  rest  is  blown  away  by  the  wind,  and  dif- 
fused through  the  whole  volume  of  the  air. 

762.  Does  not  this  constant  diffusion  of  carbonic  acid 
gas  affect  the  purity  of  the  whole  air  ? 

A.  No ;  because  it  is  wafted  by  the  wind 
from  place  to  place,  and  absorbed  in  its  passage 
by  the  vegetable  world. 

763.  What  is  choke-damp  ? 

A.  Carbonic  acid  gas  accumulated  at  the 
bottom  of  wells,  mines,  and  pita,  which  ren- 
ders them  noxious,  and  often  fatal  to  lite. 
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A.  Because,  being  heavier  than  common 
ail",  it  cannot  rise  from  the  well  or  pit ;  and 
no  wind  can  get  to  it,  to  blow  it  away. 

765i  Why  arc  persons  sometimes  killetl  by  leaning  over 
beer- vats  ? 

A.  Because  vats  where  beer  has  been  made 
contain  a  large  quantity  of  carbonic  acid  gas, 
produced  by  the  "vinous  fermentation"  of  the 
beer ;  and  when  a  man  incautiously  leans  over 
a  beer-vat  and  inhales  the  carbonic  acid,  he  is 
immediately  killed  thereby. 


A.  Because  carbonic  acid  gas,  being  heavier 
than  atmospheric  air,  often  rests  upon  the  bot- 
tom of  a  vat:  when,  therefore,  a  person  enters 
the  vat  and  stoops  to  clean  the  bottom,  he  in- 
hales the  pernicious  gas,  which  kills  him. 


A.  Because  the  carbon  of  the  burning 
charcoal  unites  with  the  oxygen  of  the  air, 
and  forms  carbonic  acid  gas,  which  is  a  nar- 
cotic poison. 

768t  If  carbonic  oeid  gas  settles  at  tbe  bottom  of  a 
room,  how  can  it  injure  a  pereon  lying  on  abed  raised  con- 
fiiderably  above  the  floor  ? 

A.    Because    all   srases  diffuse  themselves 
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thfough  each  other,  as  a  drop  of  ink  would 
difiusfc  itself  through  a  cup  of  water.  If, 
therefore,  a  person  slept  for  six  or  eight 
hours  in  a  room  containing  carbonic  acid, 
enough  of  the  gas  would  be  diffused  through- 
out the  room  to  produce  death. 

The  heat  gf  Ihe  fire  essiata  the  prooeas  of  diffusion. 

769.  What  are  the  chief  sources  of  carbonle  a«id  ? 
A.  1st.  The  breath  of  animals; 

2d.  The  decomposition  of  vegetable  and 
animal  matter ;  and, 

3d.  Limestone,  chalk,  and  all  calcareous 
stones,  in  which  it  exists  in  a  solid  form. 

770.  From  which  of  these  sources  is  carbonic  acid 
most  likeij  to  accumiilatc  to  a  noxious  extent  ? 

A.  From  the  fermentation  and  putrefaction 
of  decaying  vegetable  and  animal  matters. 

77li  How  can  this  aeeunmlation  of  cjirhonic  acid  be 
prevented  ? 

A.  By  throwing  quicklime  into  places 
where  such  fermentation  and  putrefaction 
are  going  on. 

772.  How  will  quicklime  prevent  the  accumulation  of 
carbonic  acid  ? 

A.  Quicklime  will  absorb  the  carbonic  acid, 
and  produce  a  combination  called  "  carbonate 
of  lime." 

77S.  Does  not  heavy  rain,  as  well  as  quicklime,  pre- 
vent the  aceamulation  of  carbonic  acid  ? 

A.  Yes  :  an  abundant  supply  of  water  wiil 
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prevent  the  accumulation  of  carbonic  acid,  by 
dissolving  it. 


A.  It  renders  it  slightly  acid  to  the  taste. 

775i  Why  does  gunpowder  explode  ? 

A.  Because  of  the  instantaneous  production 
and  expansion  of  carbonic  acid,  sulphurous 
acid,  and  nitrogen. 

Gunpowder  oonaiata  of  ssvenlj-aix  parts  of  aaltpotre,  fourteen  of 
charcuai,  ^d  tea  of  aulpbur. 

776i  Why  is  boiled  water  flat  and  insipid  ? 

A.  Because  the  whole  of  the  carbonic  acid 
is  expelled  by  boiling,  and  escapes  into  the 
air, 

777.  Why  does  fresh  spring-water  sparkle  when  poured 
from  one  vessel  to  another? 

A.  Because  fresh  spring  or  pump  water 
contains  carbonic  acid  ;  and  it  is  the  presence 
of  this  gas  which  makes  the  water  sparkle. 

beer,  water,  ic,  when  tbey 

778.  Why  is  beer  flat  if  the  cask  bo  left  open  too 
long? 

A.  Because  too  much  of  the  carbonic  acid 
gas  produced  by  fermentation  is  suffered  to 
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ly  are  beer  and  porter  made  stale  by  being 
he  air  ? 

A,  Because  too  much  of  the  carbonic  acid 
gas  produced  by  fermentation  is  suffered  to 
escape. 


A.  Because  the  carbonic  acid  gas  escapes 
through  the  vent-hole. 

781i  Why  does  sal-a3ratus  make  cakes  light,  particu- 
larly if  they  be  mixed  with  sour  milk  ? 

A.  Because  the  acid  of  the  milk  disengages 
the  carbonic  acid  contained  in  the  sal-£eratus, 

282i  Why  does  wood  decay  ? 

A.  Because  the  oxygen  of  the  air  unites 
with  the  carbon  and  hydrogen  of  the  wood, 
and  forms  carbonic  acid  and  water. 

783i  Why  do  persons  throw  lime  into  sinks  and  sewers 
to  prevent  their  offensive  smell  in  summer-tiiue  ? 

A.  Because  they  contain  large  quantities  of 
carbonic  acid  gas,  which  readily  combines  with 
lime,  and,  producing  "  carbonate  of  lime,"  neu- 
tralizes the  offensive  gases. 

I  limestone 

A.  Because  the  carbonic  acid  (which  ren- 
dered it  mild)  is  driven  off  by  the  heat  of  the 
kiln ;  and  the  lime  becomes  quick,  or  caustic. 

785.  What  is  mortar  ? 

A.  Quicklime  mixed  with  sand  and  water. 
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786t  Why  does  mortar  become  hard  after  a  few  days  ? 

A.  Because  the  lime  re-imbibes  from  the 
air  the  carbonic  acid  which  had  been  expelled 
by  fire ;  and  the  loose  powder  again  becomes 
as  hard  as  the  original  limestone. 

787«  Explain  in  what  way  mortar  is  adhesive. 

A.  When  the  carbonic  acid  is  expelled, 
the  hai-d  limestone  is  converted  into  quick- 
lime, which,  being  mixed  with  sand  and 
water,  becomes  a  soft  and  sticky  plaster ; 
but  as  soon  as  it  is  placed  between  bricks,  it 
imbibes  carbonic  acid  again,  and  hardens 
into  limestone. 

788i  Wherein  does  limestone  differ  in  appearance  from 
quieklime  ? 

A.  Limestone  is  a  hard,  rocky  substance, 
but  quicklime  is  friable. 

789.  Why  is  water  fresh  fi'om  the  pump  more  spark- 
hng  than  after  it  has  been  drawn  some  time  ? 

A.  Because  water  fresh  from  the  pump 
contains  carbonic  acid,  which  soon  escapes 
into  the  air  and  leaves  the  water  flat  and 
stale. 

790.  Why  should  hard  water  used  for  washing  be 
exposed  to  the  air  ? 

A.  Because  it  is  made  more  soft  by  expo- 
sure to  the  air. 

Moat  apring-water  holds  lime  in  Bolution  ns  a  Tiiaarbnnate,  in  con- 
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ioft  by  exposure 

A.  1st.  Because  the  mineral  salts  which 
cause  its  liardness  subside;  and, 

2d,  Because  the  carbonic  acid  of  the  water 
makes  its  escape  into  the  air. 

792.  What  ia  choke-damp  ? 

A.  Carbonic  acid  gas  accumulated  at  the 
bottom  of  wells  and  pits.  It  is  called  choke- 
damp  because  it  chokes,  or  suffocates,  every 
animal  that  attempts  to  inhale  it. 

It  BufTocatcs  without  getting  into  tho  Iung9,  by  clufing  tho  oatet 

793.  Why  are  rottiog  leaves  hot  ? 

A.  Because  the  fennentation  of  rott::ng 
leaves  produces  carbonic  acid  gas,  which  pro- 
duction is  always  attended  with  heat:  in  fact, 
rottmg  is  a  species  of  slow  combustion. 


791.  From  what  is  the  word  effervescence  derived? 

A.  From  the  Latin  word  ejfervesco,  to  boil. 

795.  Can  the  capacity  of  water  fordiasolving  carbonic 
BCid  be  increased  ? 

A.  Yes.    Carbonic  acid  may  be  forced  into 
water  by  pressure  to  a  considerable  extent. 
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796t  To  what  practical  uses  has  this  capacity  of  water 
for  dissolving  carhonic  acid  been  applied '! 

A.  Effervescing  draughts  are  made  upon 
this  principle. 

797.    Explain    the   cause  of  effervescence   in   tSies* 

A.  The  carbonic  acid  of  the  beverage,  being 
prevented  by  the  cork  from  escaping,  is  forced 
into  the  liquor  by  pressure,  and  absorbed  by 
it;  but  when  the  cork  or  pressure  is  removed, 
some  of  the  carbonic  acid  flies  off  in  bubbles, 
or  effervescence. 


A.  While  the  bottle  remains  corked,  car- 
bonic acid  is  forced  into  the  water  by  press- 
ure, and  absorbed  by  it;  but  when  the  cork 
or  pressure  is  removed,  some  of  the  carbonic 
acid  flies  off  in  effervescence. 

799.  Why  does  soda  or  miDeral  water  effervesce  ? 
A.  Into  soda  or  mineral  water  is  forced 

many  times  itJ^  own  bulk  of  carbonic  acid 
gas,  which  makes  its  escape  in  effervescence 
as  soon  as  the  cork  is  removed. 

800.  Why  does  pinker-pop  fly  about  in  frotli  when  the 
(tring  of  the  cork  is  cut  ? 

A.  Because  it  contains  carbonic  acid  gas, 
While  the  cork  is  fast,  the  carbonic  acid  i? 
forced  into  the  liquor;  but  when  the  pressurr 
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is  removed,  the  gas  la  given  off  in  efferves- 
cence. 

All  villous  fermeutstjon  produces  carbonic  acid. 

801.  Why  does  bottled  ale  froth  more  than  draught 
ale? 

A.  JJecause  the  pressure  is  greater  in  abottle 
than  in  a  tub  which  is  continually  tapped ; 
-and  effervescence  is  always  increased  by 
pressure, 

802.  What  produces  the  froth  of  bottled  ale  7 

A.  Carbonic  acid  generated  by  the  vinous 
fermentation  of  the  liquor.  This  gas  is  ab- 
sorbed by  the  ale  so  long  as  the  bottle  is  well 
corked,  but  is  given  off  in  froth  when  the 
i  of  the  cork  is  removed. 


803t  What  ^ves  the  pleasant  acid  taste  to  soda  or 
mineral  water,  ginger-heer,  champagne,  and  cider  ? 

A.  The  presence  of  carbonic  acid,  gene- 
rated by  fermentation,  and  liberated  by  effer- 
vescence when  the  pressure  of  the  cork  is 
removed. 

804.  Why  does  the  effervescence  of  soda  or  miueral 
water  and  ginger-heer  so  soon  go  oft '? 

A.  Because  the  carbonic  acid  which  pro- 
duced the  effervescence  very  rapidly  escapes 
into  the  air. 

805.  Why  does  the  cork  of  a  charapagnerhottle  fly  off 
the  instant  it  has  been  loosened  from  the  neck  of  the 
bottle  ? 

A.  Because  the  great  quantity  of  carbonic 
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acid  gas  contained  in  the  liquor  can  no  longer 
be  confined,  and,  seeking  to  escape,  drives  out 
the  cork  with  great  violence. 

806.  When  the  eork  of  a  champagne  or  mineral-water 
bottJc  is  drawn,  why  is  a  loud  report  made  ? 

A.  Because  champagne  and  mineral-water 
contain  a  great  amount  of  carbonic  acid  gas, 
which,  heing  suddenly  liberated,  strikes 
against  the  air  and  produces  the  report. 

807i  Why  does  hartshorn  take  out  the  red  spot  in 
cloth  produced  hy  any  acid  ? 

A,  Because  hartshorn  is  an  alkali;  and  the 
peculiar  property  of  every  alkali  is  to  neutral- 
ize acids. 

Soda,  pot]ub,iiiBien<:siii,  &e.  are  olkaMes. 

Upon  this  principle,  effervescing  driobe  are  made  of  enrbonntc  ot 
eoda  (an  alkali)  and  eitrio  or  tartaric  acid.  EHarvesaenca  is  pruduced 
by  tbe  givingoff  of  cixrb"nic  acid  during  tbe  procces  iif  neutraliintiuti. 

The  carbonic  acid  is  furmed  by  the  corbun  of  tbo  curbuaate  of  eoda 
combining  with  the  ozygen  of  the  acid. 

808.  What  is  an  alkali  ? 

A.  The  converse  of  an  acid,  as  bitter  is 
the  converse  of  sweet,  or  insipid  the  converse 
of  pungent. 

SEOnOK  IL-CARBHEETTED  HTBEOQEN. 

809.  What  is  marsh-gaa,  or  fire-damp? 

A.  Carburetted  hydrogen  gas  accumulated 
on  marshes,  in  stagnant  waters,  and  in  coal- 
pits :    it  is  frequently  called    '*  inflammable* 
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s  used  in  lighting  tlie  street* 

A.  Carburotted  hydrogen. 

8I1>  Wliat  is  carburetted  hydrogen  gas? 

A.  Carbon  combined  with  hydrogen. 

812t  How  may  carhuretted  hydrogen  gas  be  procured 


A.  By  stirring  the  mud  at  the  bottom  of 
any  stagnant  pool,  and  collecting  the  gas,  as 
it  escapes  upward,  in  an  inverted  glass 
vessel. 

813.  What  is  coal-gas? 

A.  Carburetted  hydrogen  extracted  from 
coals  by  the  heat  of  tire. 

814i  Why  is  carburetted  hydrogen  gas  called  fire- 
damp, or  inflammable  air? 

A,  Because  it  very  readily  catches  fire  and 
explodes  when  a  light  is  introduced  to  it,  pro- 
vided atmospheric  air  be  present. 

rett«d  hydrogen   gas  frequently 

A.  Because  it  is  generated  in  meadows 
and  marshes  from  putrefj'ing  vegetable  sub- 
st-ances. 

816.  What  gas  is  evolved  by  the  wick  of  a  burning 
candle  ? 

A.  Carburetted  hydrogen  gas.  The  carbon 
and  hydrogen  of  the  tallow  combine  into  a 
gas  from  the  heat  of  the  flame ;  and  this  givs 
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is  called  carburetted  hydrogen,  or  inflainmabk 
air. 

8l7t  Why  do  coal-mines  frequently  explode? 

A,  Because  the  carburetted  hjdrogen  gas 
generated  in  those  mines  explodes  when  a 
light  is  incautiously  introduced. 

8l8t  How  can  miners  soe  in  tho  coal-pita  if  they  may 
never  introduce  a  liglit? 

A.  Sir  Humphry  Davy  invented  a  lantern 
for  the  use  of  miners,  called  "the  Safety- 
Lamp,"  which  may  be  used  without  danger. 

The  safety-lamp  was  iuveutea  in  the  yaiir  ISlfl. 

819.  Who  was  Sir  Humphry  Davy  ? 

A.  A  very  ingenious  chemist,  bom  in 
Cornwall,  1788,  and  died  at  Geneva  in  1829. 

82ft.  What  is  the  safety-lamp  ? 

A.  A  kind  of  lantern,  covered  with  a  fine 
gauze  wire  instead  of  glass  or  bom. 

821.  How  does  this  fine  gauze  wire  prevent  an  explo- 
sion in  the  coal-mine  ? 

A.  By  preventing  the  flame  of  the  lamp 
from  communicating  with  the  inflammable 
gas  of  the  mine. 

The  LnterstLcaB  of  tho  gauia  wire  muet  not  exceed  one-twendeth  of 

822.  Why  will  not  flame  pass  through  very  finb  wire 
gauze? 

A.  Because  the  metal  wire  is  a  very  rapid 
conductor  of  heat;  nnd  when  the  flame  of 


,y  Google 


PHOSPHORUS.  ITJJ 

gas  burning  in  the  lamp  reaches  the  wire 
gauze,  so  much  heat  is  conducted  away  by 
the  wire  that  the  flame  is  extinguished. 

823«  Does  the  gas  of  the  coal-pit  get  through  the  wira 
gauzo  into  the  lantero  ? 

A.  Yes;  and  the  inflammable  gas  ignites 
a.nd  burns  inside  the  lamp.  When  this  is  the 
case,  the  miner  is  in  danger,  and  sliould  with- 
draw. 

When  the  carburetted  bjdrogen  gas  takes  fira  from  the  miner's 


CHAPTER   v.— PHOSPIIORrS  AND   PHOS- 
PHURETTED  HYDROGEN. 

SEOTIOH  L-PHOBPHOEDS. 

821.  What  is  phosphorus  ? 

A.  A  pale,  amber-colored  substance,  resem- 
bling wax  in  appearance.  The  word  is 
derived  from  two  Greek  words,  which  mean, 
to  prodttce  or  carri/  Ughi,  ^^  ^epsiv,  (phos- 
pherein.) 

825.  How  is  phosphorus  obtained  ? 

A.  By  heating  bones  to  a  white  heat :  by 
this  means  the  animal  matter  and  charcoal 
are  consumed,  and  a  substance  called  "  phos- 
phate of  lime"  is  left  behind. 

826.  What  is  the  phosphate  of  lime  ? 

A.  Phospliorus  united  to  oxygen  and  lime  : 
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when  sulphuric  acid  is  added  and  the  mixture 
heated,  the  lime  is  attracted  to  the  acid,  and 
pure  phosphorus  remains. 

If  pondered  eliamoal  be  addoJ,  pbosphorua  msj  bo  prouured  bj 
distillation. 

827>  When,  and  by  whom,  was  phosphorus  discovered  ? 

A.  This  element  was  discovered  in  1669, 
by  Brandt,  of  Hamburg. 

82§,  Is  phosphorus  inflammable  ? 

A.  It  is  SO  exceedingly  inflammable  that  it 
sometimes  takes  fire  by  the  heat  of  the  hand : 
great  care,  therefore,  is  required  in  its  ma.- 
nagement,  as  a  blow  or  hard  rub  will  very 
often  kindle  it. 

829.  Of  what  is  the  ignitable  part  of  lucifer  or  friction 
matches  made  ? 

A.  Of  phosphorus.  Above  two  hundred 
and  fifty  thousand  pounds  are  used  every 
year  in  London  alone  for  the  manufacture  of 
lucifcr  or  friction  matches. 

8S0.  Why  will  luoifer  or  friction  matches  iynito  when 
drawn  across  any  rough  surface  ? 

A.  Because  they  are  tipped  with  phosphorus, 
which  has  an  affinity  for  oxygen  at  the  lowest 
temperature;  so  that  the  little  additional  heat 
caused  by  the  friction  of  the  match  across  the 
bottom  of  the  lucifer-box  is  sufficient  to  ignite 
it,  and  at  the  same  time  to  ignite  the  sulphur 
with  wliich  the  match  is  tipped. 

831.  What  peculiar  property  has  phosphorus? 
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A.  It  is  luminous  in  tlio  dark;  and  even 
in  daylight  it  appears  to  be  surrounded  hy  a 
light  cloud. 


832.   Why  are  pufrefjing  fish  lui 

A.  Because  the  carbon  of  the  fish,  uniting 
with  oxygen,  forms  carbonic  acid ;  and  tlie 
phosphoric  aeid  of  the  fish,  being  thus  deprived 
of  oxygen,  is  converted  into  phosphorus.  As 
soon  as  this  is  the  case,  the  phosphorus  begins 
to  unite  with  the  oxygen  of  the  air,  and  be- 
comes luminous. 

Carbonie  aeid  isa  compound  of  carbnn  and  oijgen. 
Phosphotio  aeifl  is  a  oomponod  of  plio3phf>niB  and  oxygen.     If  fhe 
oxygen  be  tah«n  from  pboaphoria  acid,  the  residue,  >f  couree,  is  pbus- 


8S3i  Whj  is  the  sea  often  luminous  in  summer-time  ? 

A.  "  The  waters  of  the  ocean,"  says  Silli- 
man,  ''especially  in  warm  latitudes,  are  often 
covered  with  little  animalcules  which  become 
luminous  at  night  when  the  water  is  agitated. 
The  cause  of  phosphorescence  is  not  known." 

EECTIOW  IL-PH03PHFEETTED  HTDEOQEN, 


834.  From  what  do  the  vi 
ehurchyarils  oriae  ? 

A.  From  a  gas  called  phosphnretted  hydro- 
gen, which  is  phosphorus  combined  with  hy- 
drogen gilS. 


,y  Google 


178  PHOSPHURETTED   HYDROGEN,  ETC. 

835i  Who  was  the  discoverer  of  phosphuretteO.  hy- 
drogen '! 

A.  Sir  Ilumphrj  Davy,  in  the  year  1812. 

836.  Why  docs  a  putrefying  dead  body  smell  b»  offen- 
sively ? 

A.  Because  phosphuretted  hydrogen  gas 
always  rises  from  putrefying  animal  sub- 
stances, 

Tho  escape  of  nmmonia,  and  sulphuretted  hydrogen  cnntributea  alao 


8J7.  What  is  the  cause  of  the  ignis-fatuus,  jaek-o'- 
lanterD,  or  wiil-o'-the-wiap  ? 

A.  This  luminous  appearance,  which  haunts 
meadows,  bogs,  and  marshes,  arises  from  the 
gas  of  putrefying  animal  and  vegetable  sub- 
stances,— especially  from  decaying  fish. 

838.  What  gases  arise  from  these  putrefying  sub- 
stajices  ? 

A.  Phosphuretted  hydi-ogen,  fmm  putrefy- 
ing animal  substances;  and 

Carburetted  hydrogen,  from  decaying  vege- 
table matters. 

839.  How  is  the  gas  of  igQia-fatui  ignited  on  bogs  and 
uieadows  ? 

A.  Impure  phosphuretted  hydrogen  bursts 
spontaneously  into  flame  whene\'er  it  mixes 
■with  air  or  pure  oxygen  gas. 

Pure  phnsphoretted  hydrogen  will  not  ignite  >pontnneou?ly:  xb\a 
■pontaneoua  ignilioQ  is  doe  tu  the  presence  uf  a.  siaaW  qunntiiy  uf  the 
lapoc  of  an  oxcoedingly  vdatile  liquid  eompound  of  phosphorus  with 
tydrotteii,  vhieh  is  nccasionnlly  prodDCed  with  Ihe  fiaa  itself. 

If  phosphorus  lie  holloa  with  milk  ..f  lime,  njid  tlie  beak  of  tho  retorl 
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be  placed  nnder  wster,  babbles  of  phosphureMea  hidrngen  will  rise 
succeasively  throogh  tbe  water,  and,  on  reaebing  iho  sBrface,  biir?( 

840i  Why  does  an  ignia-fatuus,  or  wiU-o'- the- wisp,  fly 
from  us  when  we  run  to  meet  it  ? 

A.  Because  we  produce  a  current  of  air  in 
front  of  ourselves  when  we  run  toward  the 
igrfis-fatuus,  which  drives  the  light  gas  for- 
ward. 

841i  Why  does  an  igpis-fatuus  follow  us  when  we  run 
from  it  ? 

A.  Because  we  produce  a  current  of  air  in 
the  way  we  run,  which  attracts  the  light  gas 
in  the  same  course,  drawing  it  after  us  as  we 
run  away  from  it. 

842i  May  not  many  ghost-stories  have  arisen  from 
some  ignis-fatuus  lurking  about  churchyards  ? 

A.  Perhaps  all  the  ghost-stories  which  de- 
serve any  credit  at  all  have  arisen  from  the 
ignited  gas  of  churchyards,  lurking  about 
tombs, — to  which  fear  has  added  its  own 
creations. 


CHAPTER   VI.— COMBUSTION. 

845.  How  is  heat  evolved  by  combustion  ? 

A.  By  chemical  action.  As  latent  heat  is 
liberated,  when  water  is  poured  upon  lime, 
by  chemical  action,  so  latent  heat  is  liberated 
in  combustion  l)y  chemical  action  also. 
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8l4t  What  chemical  action  takes  place  in  eonibustioo  ? 

A.  The  elements  of  the  fuel  combine  with 
the  oxygen  of  the  air. 

845i  What  three  elements  are  necessary  to  produce 
combustion  ? 

A.  Hydrogen  gas,  carbon,  and  oxygen  gas, 
■ — the  two  former  in  the  fuel,  the  last  in  the 
rtir  which  surrounds  the  fuel. 

816>  Is  combustion  always  accompanied  by  light  and 
beat  ? 

A.  Combustion  is  always  accompanied  by 
heat,  and  frequently,  but  not  always,  by 
light. 

847.  Give  an  example  of  great  heat  without  light. 
A.  The  air  which  issues  from  the  top  of 

the  chimney  of  a  lamp  will  make  a  piece  of 
fine  iron  wire  red-hot  when  held  several  inches 
above  the  flame, 

848.  What  are  the  elements  of  fuel  ? 

A.  As  bread  is  a  compound  of  flour,  yeast, 
and  salt,  so  fuel  is  a  compound  of  hydrogen 
and  carbon. 

849.  What  causes  the  combustion  of  the  fuel  ? 

A.  The  hydrogen  gas  of  the  fuel,  being  set 
free,  and  ignited  by  a  match,  unites  with  the 
oxygen  of  the  air  and  makes  a  yellow  flame  ; 
this  flame  heats  the  carbon  of  the  fuel,  which, 
also  uniting  with  the  oxygon  of  the  air,  pro- 
duces carbonic  acid  gas. 
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950«  What  h  the  differeace  between  combustion  and 

A.  Some  substances,  when  heated  to  a  cer- 
tain point,  emit  light  without  wasting  away : 
this  is  called  incandescence,  or  ignition ;  but 
when  they  waste  away  it  is  called  combustion. 

A  meUI  yiire  oao  be  heated  red-hot  iLnd  suffered  to  eool  without 
chaiigini;  its  sinte;  but  a  pieoe  of  charcosl  when  heated  to  redness 


851.  What  is  fire? 

A.  Heat  and  light,  produced  by  the  com- 
bustion of  inflammable  substances. 

852.  Why  does  fire  produce  heat  ? 

A.  Because  it  liberates  latent  heat  from  the 
air  and  fuel. 

853.  What  chemical  changes  in  air  and  fuel  are  pro- 
duced by  combustion  ? 

A,  1st.  Some  of  the  oxygen  of  the  air.  com- 
biningwith  the  hydrogen  of  the  fuel,  condenses 
into  water ;  and, 

2d.  Some  of  the  oxygen  of  the  air.  com- 
bining with  the  carbon  of  the  fuel,  forms  car- 
bonic acid  gas. 

854.  When  wc  burn  a  candle  or  a  lump  of  coal,  ia  the 
matter  of  which  it  is  composed  destroyed  ? 

A.  It  is  not :  the  component  parts  of  the 
candle  and  coal  enter  into  new  forms, — 
namely,  of  gas  and  "smoke,  which  are  dissi- 
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pated    in   the    air,  and  of  soot   and    ashes 
which  are  not  consumed. 

855<  Why  is  3  fire,  after  it  has  been  long  burDiug, 
red-hot  ? 

A.  Because  the  whole  surface  of  the  fuel  is 
80  thoroughly  heated  that  every  part  of  it  is 
undergoing  a  rapid  union  with  the  oxygen  of 
the  air. 

S5fii  In  a  blazing  fire,  why  is  the  upper  surface  of  the 
coal  black  and  the  lower  surface  red  ? 

A.  Because  carbon,  being  solid,  requires  a 
great  degree  of  heat  to  make  it  unite  with 
the  oxygen  of  the  air;  in  consequence  of 
which,  the  hot  under  surface  of  coal  is  fre- 
tjuently  red,  from  its  union  with  oxygen, 
while  the  cold  upper  surface  remains  black. 

857.  Which  burns  the  more  quickly,  a  blazing  fire  or 
a  red-hot  one  ? 

A.  Fuel  burns  most  quickly  in  a  blazing 
fire. 

858.  Why  does  blazing  wood  burn  more  quickly  than 
red-hot  coal  'i 

A.  Because  the  inflammable  gases  of  the 
fuel  (which  are  then  escaping)  greatly  assist 
the  process  of  combustion. 

859.  Why  do  the  coals  of  a  clear,  bright  fire  burn  out 
aiore  slowly  than  blazing  eoala  ? 

A.  Because  most  of  the  inflammable  gases 
and  much  of  the  solid  fuel  have  been  con- 
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fiumeil  already,  so  that  there  is  less  food  for 
combustion. 

860.  What  is  smoke? 

A.  Unconsumed  parts  of  fuel  (principally 
carbon)  separated  from  the  solid  mass,  and 
carried  up  the  chimney  by  currents  of  hot 
air. 

801.  Why  is  there  more  smoke  when  fresh  fuel  is 
added  than  when  the  fuel  is  red-hot  ? 

A.  Because  carbon,  being  solid,  requires  a 
great  degree  of  heat  to  make  it  unite  with 
oxygen,  or,  in  other  words,  to  brirfg  it  into  a 
state  of  perfect  combustion  :  when  fresh  fuel 
is  laid  on,  more  carbon  is  separated  than  can 
be  reduced  to  combustion,  and  the  surplus 
flies  off  in  smoke, 

862>  Why  is  there  so  little  smoke  with  a  red-hot  fire  ? 

A.  Because  the  entire  surface  of  the  fuel  is 
in  a  state  of  combustion ;  and,  as  very  little 
carbon  remains  unconsumed,  there  is  but 
little  smoke. 

883.  Why  are  there  hright  and  dark  spots  in  a  clear 
einder  fire  ? 

A.  Because  the  intensity  of  the  combustion 
is  greater  in  some  parts  of  the  fire  than  it  is 
in  others. 

864.  Why  is  the  intensity  of  the  combustion  so  un- 
equal ? 

A,  Because  the  air  flies  to  tlie  fire  in  vari- 
ous and  unequal  currents. 
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865.  Why  do  we  see  all  sorts  of  grotesque  figures  id 
liot  coals  ? 

A.  Because  the  intensity  of  combustion  is 
unequal,  owing  to  the  unequal  manner  In 
which  the  air  flies  to  the  fuel;  and  the  vari- 
ous shades  of  ycUow,  red,  and  white  heat, 
mingling  with  the  black  of  the  unbumt  coal, 
produce  strange  and  fantastic  figures. 

866i  Why  does  paper  hurn  more  readily  than  wood  ? 

A,  Because  it  is  of  a  more  fragile  texture, 
and  therefore  its  component  parts  are  more 
easily  heated. 

867.  Why  does  wood  burn  more  readily  than  eoal? 

A.  Because  it  is  not  so  solid,  and  therefore 
its  elemental  parts  are  more  easily  separated 
and  made  hot. 

868i  When  !i  coal-fire  is  lighted,  why  is  charcoal  laid 
at  the  bottom,  against  the  grate  ? 

A.  Because  charcoal,  in  consequence  of  its 
fragile  texture,  very  readily  catches  fire. 

869.  Why  is  wood  laid  on  the  top  of  the  paper  ? 

A.  Because  wood,  being  more  substantial, 
burns  longer  than  paper,  and  therefore  af- 
fords a  longer  contact  of  flame  to  heat  the 
coal. 

870t.Why  would  not  paper  kindle  a  firfe  as  well  as 
charcoal  ? 

A.  Because  paper  bums  out  so  rapidly  that 
it  would  not  afford  sufficient  contact  of  flame 
to  heat  the  coal  to  combustion. 
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871t  Why  will  not  a  log  of  solid  wood  kindle  without 
shaviugs,  straw,  or  piiper '( 

A.  Because  wood  is  too  substantial  to  be 
heated  into  combustion  by  ttie  feeble  flame 
issuing  from  a  match. 

872t  Why  would  not  paper  do  as  well  if  placed  od  the 
top  of  the  wood  ? 

A.  Because  the  blaze  tends  upward :  if, 
therefore,  the  paper  were  placed  on  the  top, 
its  blaze  would  afford  no  contact  of  flame  to 
the  fuel  lying  below, 

873i  Why  should  coal  to  placed  above  the  wood  ? 

A,  Because  otherwise  the  flame  of  the  fuel 
would  not  rise  through  the  coal  to  heat  it. 

871.  Why  is  a  fire  kindled  at  the  lowest  bar  of  the 
grate  ? 

A.  That  the  flame  may  ascend  through  the 
fuel  to  heat  it.  If  the  fire  were  kindled  from 
the  top,  the  flame  would  not  come  in  contact 
with  the  fuel  placed  below, 

lickly 

A.  Because  they  are  sooner  reduced  to  a 
Btate  of  combustion,  as  they  are  more  poixjus 
and  less  solid. 

876.  Why  are  cinders  lighter  than  co;il  ? 

A,  Because  they  are  full  of  Httle  holes, 
from  which  vapor,  gases,  and  other  volatile 
parts  have  been  driven  off  by  previous  com- 
bustion. 
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877«  Why  will  not  wet  kind  ling- wood  light  a  fire  J 

A.  Ist,  Because  the  moisture  of  the  wet 
kindling-wood  prevents  the  oxygen  of  the 
air  from  getting  to  the  fuel ;  and, 

2d.  The  heat  of  the  fire  is  perpetually 
drawn  off  by  the  conversion  of  water  into 
steam. 

878t  Wlij  does  dry  wood  burn  better  than  grecu? 

A.  Ist.  Because  none  of  its  heat  is  carried 
away  by  the  conversion  of  water  into  steam ; 
and, 

2d,  The  pores  of  dry  wood,  being  filled 
with  air,  supply  the  fire  with  oxygen. 

879.  Wliy  do  two  pieces  of  wood  burn  better  than 
one? 

A.  Ist.  Because  they  help  to  retain  the 
heat  of  the  passing  smoke  and  throw  it  on 
the  fuel ;  and, 

2d.  The  air,  impinging  against  the  pieces 
of  wood,  is  thrown  upon  the  fire  in  a  kind  of 
eddy  or  draught. 

880>  Why  will  not  wood  or  paper  burn  if  steeped  in 
a  solution  of  potash,  phosphate  of  lime,  or  ajnmonia 
(hartshorn)  ? 

A.  Because  any  "alkali"  {such  as  potash) 
will  arrest  the  hydrogen  which  escapes  from 
tlie  fuel,  and  prevent  its  combination  with 
the  oxygen  of  the  air, 

88I1  Why  does  a  jet  of  flame  sometimes  burst  into 
tho  room  through  the  bara  of  a  stove  1' 

A.  Because  the  iron  bars  conduct  heat  to 
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the  interior  of  the  fuel,  and  the  volatile  gas 
■which  escapes  from  it  is  kindled  by  the  glow- 
ing coals  over  which  it  passes. 

882.  Why  is  this  jet  sometimes  of  a  greenish-yellow 
color? 

A.  Either  because  some  lumps  of  coal  lie 
over  the  hot  bars,  or  because  the  coal  below 
is  not  red-hot;  in  consequence  of  which,  some 
of  the  gas,  which  is  of  a  greenish  color, 
i  unburnt. 


88Si  Why  does  the  gas  escape  uDburnt  ? 
A.  Because  neither  the  bars  nor  the  coal 
over  which  it  passes/are  red-hot. 


A.  Because  the  gas  from  the  hot  coal  at 

the  bottom  of  the  grate,  mixing  with  the 
carbon  of  the  coal  above,  produces  an  inflam- 
mable gas,  called  carbonic  oxide,  which  bums 
with  a  blue  flame. 


A.  The  intensity  of  fire-light  depends  upon 
the  whiteness  to  which  the  carbon  is  reduced 
by  combustion.  If  carbon  be  white-hot,  its 
combustion  is  perfect  and  the  light  intense : 
if  not,  the  light  is  obscured  by  smoke. 

886.  Why  will  not  cinders  blaze  as  well  as'  fresh  coal? 

A.  The  Hame  of  coal  is  made  chiefly  by 
iiydrogen  gas :  as  soon  as  this  gas  has  been 
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consumed,  the  hot  cinders  produce  only  a 
gas,  called  carbonic  acid,  wliich  is  neither 
luminous  nor  visible. 

887»  Where  does  the  hydrogen  gas  of  a  fire  com* 

A.  All  fuel  is  composed  of  carbon  and  hy- 
drogen gas,  which  are  sepaj-ated  from  eacli 
other  hy  the  process  of  combustion. 

888.  Why  does  a  fire  burn  clearest  on  a  frosty  oight  ? 

A.  Because  the  volatile  gases  are  more 
quickly  consumed,  and  the  solid  carbon  is 
plentifully  supplied  witli  oxygen  from  the  air 
to  make  it  bum  brightly  and  intensely. 


A.  Because  the  air  is  colder  in  winter  than 
it  is  in  summer. 

890.  Why  does  the  coldness  of  the  air  increase  the 
heat  of  a  fire  ? 

A.  1st.  Because  air  condensed  by  the  cold 
supplies  more  oxygen  than  a  similar  volume 
of  warmer  air ;  and, 

2d.  Condensed  air.  being  heavy,  falls  more 
rapidly  into  the  place  of  the  hot  ascending 
air,  to  supply  the  fire  with  nourishment. 

891.  Ashes  or  cinders  are  put  over  the  fire  at  night 
to  prevent  its  burning  away  ;  can  you  tell  the  reason  for 
thus  covering  tlic  fire  ? 

A.  The  ashes  or  cinders  prevent  the  oxy- 
gen of  the  air  from  gaining  free  access  to  the 
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fire  ;  and,  as  fire  will  not  bum  without  a  sup- 
jily  of  oxygen,  it  keeps  alive  for  several  hours 
without  being  wasted. 

892,  Why  does  tho  air  flow  to  the  fire  more  tardily 
for  being  rarefied  ? 

A.  Because  the  greater  the  contrast  between 
the  external  air  and  that  which  has  been  heated 
by  the  fire,  the  more  rapid  will  be  the  current 
of  air  toward  that  fire, 

r  afford  less  nourishment  to 

A,  Because  rarefied  air  contains  less  oxy- 
gen than  the  same  quantity  of  condensed  air, 
inasmuch  as  the  same  quantity  of  oxygen  is 
diffused  over  a  larger  volume  of  air, 

894.  Why  does  a  fire  hurn  more  fiercely  in  the  open 
air? 

A.  1st,  Because  the  air  out-oMoors  is  more 
dense  than  the  air  in-doors  ;  and, 
2d.  It  has  freer  access  to  the  fire. 

895.  Why  is  the  air  out-of-doors  more  dense  than  that 
in-doors  ? 

A.  Because  it  has  freer  circulation ;  and  as 
soon  as  any  portion  has  been  rarefied  it  in- 
stantly rises,  and  is  supplied  by  colder 
currents. 

896.  Why  docs  a  fire  not  hurn  so  fiercely  in  a  thaw 

A.  Because  the  air  is  laden  with  vapor;  in 
consequence  of  which,  it  moves  more  slowly, 
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and  is  too  much  rarefied  to  afford  plentiful 
nourishment  to  the  fire. 

897.  Why  does  a  fire  burn  ao  fiercely  in  windy 
weather  ? 

A.  Because  the  air  is  rapidly  changed,  and 
affords  plentiful  nourishment  to  the  fire. 

898i  Why  does  a  pair  of  bellows  get  a  fire  up? 

A.  Because  it  drives  the  air  more  rapidly 
to  the  fire ;  and  the  plentiful  supply  of  oxy- 
gen soon  makes  the  fire  burn  intensely. 

899.  What  gaa  is  generated  in  a  common  fire  by  com- 
bustion ? 

A.  Carbonic  acid  gas,  formed  by  the  union 
of  the  carbon  of  the  fuel  with  the  oxygen  of 
the  air. 

900.  What  is  carbonic  acid  gas  ? 

A.  Carbon  (or  charcoal)  combined  with 
oxygen  gas. 

901t  If  a  piece  of  paper  be  laid  flat  on  a  clear  fire,  it 
will  not  blaze,  but  char :  explain  this. 

A.  The  carbon  of  a  clear  fire,  being 
sufficiently  hot  to  unite  with  the  oxygen  of 
the  air,  produces  carbonic  acid  gas,  which 
soon  envelops  the  paper  laid  flat  upon  the 
cinders;  but  carbonic  acid  gaa  will  not  blaze. 

902.  If  you  blow  the  paper,  it  will  blaae  immediately: 
explain  this. 

A.  By  blowing  the  paper  or  opening  a 
door  suddenly,  the  carbonic  acid  is  dissipated, 
and  the  paper  fanned  into  flanio. 
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903.  Why  doea  waler  extinguish  a  fire  ? 

A.  1st.  Because  the  water  forms  an  enve- 
lope over  the  fuel,  which  keeps  it  from  the 
air;  and, 

2d,  The  conversion  of  water  into  steam 
draws  off  the  heat  of  the  burning  fuel. 

904.  A  little  water  makes  a  fire  fiercer,  while  a  larget 
quantity  of  water  puts  it  out  r  explain  this. 

A.  Water  is  composed  of  oxygen  and  hy- 
drogen :  when,  therefore,  the  fire  is  sufficiently 
intense  to  decompose  the  water  into  its  simple 
elements,  it  serves  as  fuel  to  the  flame. 

903t  How  can  water  serve  as  fuel  to  fire  ? 

A.  Because  the  hydrogen  of  the  water  burns 
with  a  flame;  and  the  oxygen  of  the  water  in- 
creases the  intensity  of  that  flame. 

906.  When  a  house  is  on  fire,  is  too  little  water  worse 

A.  Certainly,  Unless  water  be  supplied  so 
plentifully  as  to  extinguish  the  fire,  it  will 
increase  its  intensity,  like  fuel. 

907.  When  will  water  extinguish  fire  ? 

A.  When  the  supply  is  so  rapid  and  abun- 
dant that  the  fire  cannot  decompose  it. 

908.  Cannot  wood  be  made  to  hlaze  without  actuu! 
contact  with  firo? 

A.  Yes :  if  a  piece  of  wood  be  held  near  the 
fire  for  a  little  time,  it  will  blaze,  even  tl)ough 
it  does  not  touch  the  fire. 


,y  Google 


A.  Because  the  heat  of  the  fire  drives  out 
the  hydrogen  gas  of  the  wood ;  which  gas 
is  inflamed  by  contaxit  with  tjie  red-hot 
coals. 


A.  Because  the  heat  of  the  burning  house 
Bets  at  liberty  the  hydix)gen  gas  of  the  wood- 
work of  the  adjoining  house  ;  and  this  gas  is 
ignited  by  the  flames  or  red-hot  bricks  of  the 
house  on  fire. 

91 1<  On  what  does  the  intensity  of  fire  depend? 

A.  The  intensity  of  fire  is  always  in  pro- 
portion  to  the  quantity  of  oxygen  with  which 
it  is  supplied. 

912.  Why  Is  a  dull  fire  revived  by  sweeping  the 
hearth  and  bars  of  the  grate? 

A.  Because  the  air,  wliich  was  arrested  by 
the  loose  dust  and  cinders,  finds  its  way  freely 
to  the  fire  as  soon  as  these  obstacles  are 
swept  away. 

The  brightness  of  a  fire  dependB  on  its  supply  of  oxygen  derived 
from  the  air. 

9l3i  Why  does  stirring  a  dull  fire  serve  to  quicken 
it? 

A.  Because  it  breaks  up  the  clotted  cinders 
and  coals,  making  a  passage  for  the  air  into 
the  very  heart  of  the  fire. 
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9l4i  VVJiy  will  powdered  sulphur  queucli  fire  moro 
readily  than  water? 

A.  1st.  Because  powdered  sulphur  has  a 
Very  stroi\^  affinity  for  oxygen,  and  converts 
it  into  sulphurous  acid ;  the  fire  is  thus  de- 
prived of  its  essential  food,  (oxygen,)  and  is, 
in  fact,  starved  out ;  and, 

2d.  Because  sulphurous  acid  throws  off 
dense  white  fumes,  and  surrounds  the  fire 
with  an  incombustible  atmosphere. 


When  we  bun 

1  Eulphnr  in  air,  it  Ih 

called  Ealphurou 

BBcid:  the  ienitiono 

fa  common  aulptnc-matoh  i 

915t  When  is  a  substaDce  said  to  be  incombustible  ? 

A,  AVhen  it  is  incapable  of  entering  into 
combination  with  oxygen. 

9l6t  Wbj  do  lamps  smoke? 

A.  Either  because  the  wick  is  cut  unevenly, 
or  else  because  it  is  raised  up  too  high. 

9l7i  Why  does  a  lamp  smoke  wlien  the  wick  is  cut 
unevenly  ? 

A.  1st.  Because  the  points  of  the  jagged 
edge,  being  very  easily  separated  from  the 
wick,  load  the  flame  with  more  carbon  than 
it  can  consume ;  and, 

2d.  As  the  heat  of  the  flame  is  greatly 
diminished  by  these  bits  of  wick,  it  is  unable 
to  consume  even  the  usual  quantity  of  smoke. 

918i  Why  does  a  lamp  smoke  when  the  wick  is  turned 
up  too  high  ? 

A.    Because    more    carbon    is    separatj^d 
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from  the  wick  than   can   be  consumed   by 
the  flame. 

919.  Why  docs  u.  lamp-glass  diminish  the  smoke  of  a 

A.  Ist.  Because  it  increases  the  supply  of 
oxygen  to  the  flamcj  by  producing  a  draught; 
and, 

2d.  It  concentrates  and  reflects  the  heat  of 
the  flame ;  in  consequence  of  which,  the  com- 
bustion of  the  carbon  is  more  perfect,  and  very 
little  escapes  unconsumed. 

SECTIOH  I.-SP0NTANE0tf3  C0MBTJ3TI0H. 

920.  What  is  meant  by  spontaneous  combustion  ? 

A.  Combustion  produced  without  tne  appli- 
cation of  flame, 

92I«  Give  an  example  of  spontaneous  combiistioii. 

A.  Goods  packed  in  a  warehouse  will  often 
catch  fire  of  themselves,  especially  such  gooda 
as  cotton,  flax,  hemp,  rags,  &c. 

922>  Why  do  such  goods  sometimes  catch  fire  of  them- 
selves? 

A.  Because  they  are  piled  together  in  very 
large  masses  in  a  damp  state  or  place. 

923.  What  is  generally  the  cause  of  spoutajieoua  com- 
bustion ? 

A.  The  piled-up  goods  ferment  from  heat 
and  damp,  and  during  fermentation  carbonic 
acid  gas  is  formed,  which  is  attended  with 
combustion. 
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924t  Why  does  this  produce  spontaneous  combustion? 

A,  The  damp  produces  decay,  or  the  de- 
composition of  the  goods;  and  the  great  heat 
of  the  piled-up  mass  makes  the  decaying 
goods  ferment. 

925«  How  docs  this  fermentation  produce  combustion? 

A.  During  fermentation,  carbonic  acid  gas 
is  given  off  by  the  goods,  and  a  slow  com- 
bustion ensues,  till  at  length  the  whole  pile 
bursts  into  flame. 

926i  Wliy  is'the  heat  of  a  large  mass  of  goods  greater 
than  that  of  a  anialler  quantity  1 

A.  Because  the  carbonic  acid  cannot  escape 
through  the  massive  jaile ;  and  the  products 
of  decomposition,  being  confined,  hasten  fur- 
ther changes. 

927>  Why  do  hay-stacks  sometimes  catch  fire  of  them- 
selvea  f 

A.  Either  because  the  hay  was  put  up 
damp,  or  else  because  rain  has  penetrated  the 
stack. 

928.  Does  heat  always  produce  light? 

A.  No  :  the  heat  of  a  stack  of  hay,  though 
i'ery  great,  is  not  sufficient  to  produce  light. 

929.  Why  will  a  hay-stack  catch  fire  if  the  hay  be 
damp? 

A.  Because  damp  hay  soon  decays,  and 
undergoes  a  state  of  fermentation,  during 
which  carbonic  acid  gas  is  given  off,  and  the 
stack  catches  fire. 
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,930i  Why  do  greasy  rags  sometimes  eateh  fire  1 
A.  Because  they  very  readily  ferment,  and 
during  fermentation  tlirow  off  exceedingly  in- 
flammable gases. 

Lamp-black  mixed  with  linseed  oil  h  very  liable  to  Bpontaneoiu 

BECTIOH  n.-FIiAME. 

931.  What  is  flame? 

A.  The  rapid  combustion  of  volatile 
matter. 

932.  Wliy  is  tho  flame  of  a  good  fire  yellow  ? 

A.  Because  both  the  hydrogen  and  carbon 
of  the  fuel  are  in  a  state  of  perfect  combustion. 
It  is  the  white  heat  of  the  carbon  which  ren- 
ders flame  luminous. 

933i  Why  is  a  yellow  flame  brighter  than  a  red-hot 
coal  ? 

A.  Because  yellow  rays  produce  the  great- 
est amount  of  light,  Eed  rays  produce  the 
greatest  amount  of  heat, 

934i  Why  is  the  flame  of  a  candle  extinguished  when 
blown  by  the  breath,  and  not  made  more  intense  like  a 
fire? 

A.  Because  the  flame  of  a  candle  is  confined 
to  a  very  small  wick,  from  which  it  is  severed 
by  the  breatli,  and,  being  unsupported,  must 
go  out. 

9S5i  Why  is  a  smouldering  wick  sometimes  rekindled 
by  blowing  it  ? 

A.  Because  air  is  carried  to  it  by  the  breath 
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with  great  rapidity ;  and  the  oxygen  of  the 
air  kindles  tlie  red-hot  wick,  as  it  would  kindle 
charred  wood. 

936i  Why  is  not  the  red-hot  wick  kindled  by  the  air 
arouod  it  without  blowing? 

A.  Because  oxygen  is  not  supplied  with 
sufficient  freedom  unless  air  be  blown  to  the 
wick. 

937»  When  is  this  esperiment  most  likely  to  succeed? 

A.  In  frosty  weather;  because  the  air  con- 
tains more  oxygen  when  it  is  condensed  by 
the  cold. 

938i  Why  docs  the  wick  of  a  candle  when  the  flame 
has  been  bSown  out  very  readily  catch  fire  ? 

A.  Because  the  wick  is  already  hot,  and  a 
very  Httle  extra  heat  will  throw  it  into  flaine, 

939.  Why  does  the  extra  heat  revive  the  fliime  ? 

A.  Because  it  again  liberates  the  hydrogen 
of  the  tallow,  and  ignites  it. 

910i  Explain  how  a  candle  burns  when  lighted. 

A.  Ist,  The  heat  of  the  lighted  wick  de- 
composes the  tallow  into  its  elementary  parfa 
of  carbon  and  hydrogen,  and  the  hydrogen 
of  the  tallow,  combining  with  the  oxygen  of 
the  air,  produces  flame ;  and, 

2d.  The  substance  in  the  wick,  having  its 
temperature  raised  by  the  application  of  heat, 
combines  with  the  oxygen  of  the  ahnosphere, 
and  this  combination,  attended  with  the  evo- 
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lution  of  heat,  sustains  the  process  of  com- 
bustion. 

911i  Where  is  the  taJlow  or  was  of  a  candle  decom- 
posed ? 

A.  In  the  wick.  The  melted  tallow  or  wax 
rises  up  the  wick  by  capillary  attraction, 
and  is  rapidly  decomposed  by  the  heat  of 
the  flame. 

"  CapiHary  altrBotion,"  from  eapillua,  a  bair. 

FluirJa  riBo  in  tubes  of  rery  narronbore  much  itbove  tbo  level  uf  th» 
liqaid  in  which  the  tubes  are  plaeed. 

942.  Why  is  the  flame  of  a  candle  hot? 
A.  Because  the  flame  liberates  latent  heat 
from  the  air  and  tallow. 

9l3t  How  is  latent  heat  liberated  by  the  flame  or  a 
candle  ? 

A.  When  the  elements  of  the  tallow  com- 
bine with  the  oxygen  of  the  air,  latent  heat 
is  liberated  by  the  chemical  changes. 

911t  Why  does  the  flame  of  a  candle  produce  light? 
A.  Because  the  chemical  changes 
made  by  combustion  excite  undula- 
tions of  ether,  which,  striking  the  eye, 
produce  light, 

945i  Why  is  the  flame  of  a  candle  yellow? 

A.  It  is  not  entirely  so.     Only  the 

^    outer  coat  of  the  flame  is  yellow :  the 

lower  part  is  violet,  and  the  inside  of 

the  flame  hollow. 
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9J6i  Desevibc  the  different  parts  of  the  flame  of  a 

A.  The  flame  consists  of  three  cones.  The 
innermost  cone  is  hollowj  the  outside  cone 
is  yellow,  and  the  intermediate  one  is  of  a 
dingy  purple  hue.  (See  Fig,  2.) 

947i   Why  is  the  outside  of  the  flame  yellow  ? 

A.  Because  the  carbon  of  the  tallow,  being 
in  a  state  of  perfect  combustion,  is  made  white- 
hot. 

948i  Why  is  the  lower  part  of  the  flame  purple  ? 

A.  Because  it  is  overloaded  with  hydro- 
gen, raised  from  the  tallow  by  the  burning 
wick ;  and  this  gas  (which  burns  with  a  blue 
flame)  gives  the  dark  tinge  to  the  lower  part 
of  the  candle-flame. 

949.  Why  is  the  inside  of  the  flame  hollow  ? 

A.  Because  it  is  filled  with  vapor  raised 
from  the  candle  by  the  heat  of  the  wick  and 
not  yet  reduced  to  a  state  of  combustion. 


A.  Because  the  gases  are  not  in  a  state  of 
perfect  combustion,  but  contain  an  excess  of 
hydrogen,  which  gives  the  flame  a  purple 
tinge. 

95li  Why  IB  not  the  middliJ  eone  in  a  state  of  per 
feet  combustion,  as  well  as  the  outer  one  ? 

A.  Because  the  outer  cone  prevents  tho 
oxygen  of  the  air  from  getting  to  tho  middle 
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of  the  flame;  and  without  the  free  access  of 
oxygen  gas  tliere  is  no  such  thing  as  com- 
plete combustion. 

952i  Why  does  the  Same  of  a  candle  point  upward  ? 

A.  Because  it  heats  the  surrounding  air, 
which,  therefore,  rapidly  ascends,  driving  the 
fiame  upward  at  the  same  time. 

953.  Why  is  tbe  flame  of  a  candle  pointed  at  the  top 

A,  Because  the  supply  of  hot  vapor  dimi- 
nishes as  it  ascends,  and,  as  it  affords  less 
resistance  t«  the  air,  is  reduced  to  a  mere 
point. 

954>  Why  are  the  lower  parta  of  a  flame  less  volatile 
than  the  upper  ? 

A.  Because  they  are  laden  with  unconsumed 
gas  and  watery  vapor,  which  present  consider- 
able resistance  to  the  air. 

955.  Why  do^  the  flame  of  a  candle  make  a  glass 
which  is  held  over  it  damp  ? 

A.  Because  a  "watery  vapor"  is  made  by 
the  combination  of  the  hydrogen  of  tallow 
with  the  oxygen  of  the  air;  and  this  "vapor" 
is  condensed  by  the  cold  glass  held  above  the 
flame. 

956.  Why  does  tbe  band  held  above  a  candle  suffer 
more  from  heat  than  when  it  is  placed  below  the  flaine  or 
on  one  side  of  it? 

A.  Because  the  hot  gases  and  air,  in  their 
ascent,  come  in  contact  with  the  hand  placed 
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above  the  flame;  but  when  the  hand  is  placed 
below  the  flame  or  on  one  side,  it  only  feels 
heat  from  radiation. 


lisaion  of  raja.  The  oandla-flnmo  Ihrona  out  raya 
n  nil  directiona,-  but  wbeu  the  hand  ia  held  nbuve 
not  only  the  heat  of  the  ruys,  but  nlso  that  of  the 
of  hot  ulr,  io. 

ixtinguislicd  more  readily 

A.  Because  a  hard  rush  imbibes  the  melted 
fat  or  wax  much  more  slowly  than  porous 
cotton ;  as  it  imbibes  less  fat,  it  supplies  a 
smaller  volume  of  combustible  gases,  and  of 
course  the  light  is  more  easily  extinguished. 

958.  Why  is  a  gas-flame  more  easily  extinguisliecl 
when  the  jet  is  very  slightly  turned  on  than  when  it  ia  in 
full  stream  ? 

A.  Because  there  is  less  volume  of  combus- 
tible gases  in  tlie  small  flame  than  in  the  full 
blaze, 

959.  Why  does  an  extinguisher  put  a  candle  out? 
A.  Because  the  air  in  the  extinguisher  is 

soon  exhausted  of  its  oxygen  by  the  flame ; 
and  when  there  is  no  oxygen  flame  goes  out. 

960.  Why  does  not  a  candSe  set  fire  to  a  piece  of 
paper  twisted  into  an  extinguisher  and  used  as  such  ? 

A.  1st.  Because  the  flame  very  soon  ex- 
hausts the  oxygen  contained  in  the  paper 
extinguisher ;  and, 

2d.  The  flame  invests  the  inside  of  the  paper 
extinguisher  with  carbonic  acid  gas,  which 
prevents  it  from  bla/ing. 
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d61i  A  loDg  wick  is  covered  witli  an  efflorescence  at 
the  top :  what  does  this  arise  from  ? 

A.  The  knotty  or  flowery  iippearance  of 
the  top  of  a  wick  arises  from  an  accumula- 
tion of  particles  partly  separated,  but  still 
loosely  hanging  to  the  wick. 

9B2t  Why  do  common  caadlcs  require  snuffing? 

A.  Because  the  heat  of  the  flame  is  not 
suiBcient  to  consume  the  wick;  and  the 
longer  the  wick  grows  the  less  heat  the 
flame  produces. 

96S.  Why  do  wax  candles  never  need  snufSng? 

A,  Because  the  wick  of  wax  candles  is 
made  of  very  fine  thread,  which  the  heat  of 
the  flame  is  sufficient  to  consume  ;  the  wick 
of  tallow  candles,  on  the  other  hand,  is  maxie 
of  coarse  cotton,  which  is  too  substantial  to 
be  consumed  by  the  heat  of  the  flame,  and 
must  be  cut  off  by  snuffers. 

984t  Why  does  a  piu  stuck  in  a  rush-light  extingmsh 
it? 

A.  Because  a  pin,  being  a  good  conductor, 
carries  away  the  heat  of  the  flame  from  the 
wick,  and  prevents  the  combustion  of  the 
tallow, 

9ft5.  What  is  the  smoke  of  a  candle  ? 

A.  Solid  particles  of  carbon  separated  from 
the  wick  and  tallow,  but  not  consumed. 

96$i  Why  arc  not  all  the  particles  consumed  ? 

A.  The  combiiption  of  the  carbon  depends 
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upon  its  combining  with  the  oxygen  of  the 
air :  as  the  outer  surface  of  the  flame  pre- 
vents the  access  of  air  to  the  inteiior  parts, 
much  of  the  carbon  of  those  parts  passes  off 
in  smoke. 

967t  Why  docs  a  canijle  flicker,  especially  just  pre- 
vious to  its  being  burnt  out? 

A.  Because  it  is  unequally  supplied  with 
combustible  gases.  When  a  candle  is  nearly 
burnt  out,  there  is  not  sufficient  tallow  or 
wax  to  keep  up  the  regular  supply  of  com- 
bustible ga.s;  in  consequence  of  which,  the 
flame  flickers  (that  is,  blazes)  when  it  is  sup- 
plied with  gas,  and  goes  out  for  a  moment 
when  the  supply  is  defective. 
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CHAPTER  I.— METALS  AND  ALLOYS. 

8ECTI0H  I,-METALa. 

988i  What  are  some  of  the  properties  of  metals  ? 

A.  Tliey  are  brilliant  when  polished ;  are, 
with  few  'exceptions,  the  heaviest  of  all 
known  substances ;  and  are  malleable,  ductilcj 
fusible,  and  opaque.  They  are  also  good  con- 
ductors of  heat  and  electricity. 

969.  What  is  meant  by  malleable  ? 

A.  A  metal  is  said  to  be  malleable  when 
it  spreads  out  when  beaten.  A  piece  of  glass 
would  fly  to  pieces  if  struck  with  a  hammer; 
while  a  piece  of  metal  would  spread  out  into 
a  thin  plate. 

"  Milleablo,"  from  the  Latin  malleus,  a  hammor. 

970.  What  is  understood  by  ductile  ? 

A.  "When  a'  metal  possesses  the  property 
of  being  drawn  out  into  a  wire  without 
breaking,  it  is  said  to  be  ductile. 

971.  What  is  the  meaning  of  fusible? 

A.  Capable  of  being  fused,  or  melted. 


,y  Google 


METALS.  205 

972.  Are  all  metals  solid  ? 

A.  Yes ;  with  one  exception, — mercur)', 
or  quicksilver ;  which  is  fluid  under  ordinai-y 
temperatures. 

973.  Name  the  priQcipal  useful  metals. 

A.  Gold,  silver,  iron,  copper,  mercury,  tin, 
lead,  and  zinc. 

useful. 

974t  What  peculiar  properties  belong  to  gold  ? 

A.  It  is  more  malleable  than  any  other 
metal.  It  does  not  tarnish  by  exposure  to 
air  or  water, 

A  sinfjle  gfi'"  "f  S"^'^  "m-y  ^^  beaten  out  to  ouver  n  fiurfaee  of 
nearly  thirty  square  yards. 

97.1i  What  peculiar  properties  belong  to  pure  silver  ? 

A.  It  ia  supposed  to  be  the  best  conductor 
of  heat  and  electricity. 

976.  What  arc  the  peculiar  properties  of  iron  ? 

A.  It  is  more  ductile  than  any  other  known 
metal,  and  is  strongly  attracted  by  the 
magnet. 


An  iron  wira  0 
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977i  What  are  the  peculiar  properties  of  copper? 
A.  It  is  very  malleable  and  ductile.     It  is 
hard,  elastic,  and  sonorous. 

Copper  was  first  wrought  by  the  Gi'oeks  in  the  island  of  Eypru?, 

Copper  plalcs  when  corroded  by  an  acid  form  a  rust  called  verdi, 
eris.     Vwdigrla  is  mannfaelurcd  largely  in  France. 
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978.  Whiit  are  the  peculiar  properties  of  mcreui  j  ? 
A.  It  IB  a  fluid ;  it  is  of  a  silvery  wliite 

color;  it  possesses  a  high  degree  of  lustre, 
and  readily  expands  and  contracts  with 
changes  of  temperature. 

The  properly  of  expanilmg  and  oonlrootmg  io  any  altorntion  of 
tamperatare  rendara  it  a  auita,ble  fluid  for  the  tubes  of  therinometGrs. 

The  color  known  as  yetnjilion,  and  the  medicine  oallod  ealomel,  are 
prepared  from  quioliailver. 

979.  What  is  the  peculiar  property  of  tin  ? 

A.  It  has  a  silvery  whiteness  and  brilliancy, 
and  is  very  malleable.  Plates  of  tin  called 
tin-foil  are  m  thin  that  one  thousand  of 
them  are  only  one  inch  in  thickness. 

980.  What  is  block  tin  ? 

A.  Tin  purifi(id  by  heat,  and  run  into 
moulds,  which  form  blocks  of  great  size. 

98I»  What  is  sheet  tin,  such  sa  is  used  in  the  maua- 
facture  of  pans  and  other  utensils  ? 

A.  It  is  sheet  iron  dipped  into  melted  tin, 
a  portion  of  which  adheres  to  the  surface  as 
tin,  and  another  enters  into  the  iron  and 
alloys  with  it. 

The  undents  are  suppOMd  to  Tinve  ma.dB  use  of  tin;  Bud  there  is 


982.  What  are  the  peculiar  properties  of  lead  ? 

A.  It  is  a  very  soft  metal,  being  easily 
Bcratched  by  the  flnger-nail.  It  is  very 
malleable,  and  may  be  rolled  into  very  thin 
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98 3 <  Why  at'^  leaden  water-pipes  sometimes  in- 
1  uncus  ? 

A.  Because  lead  is  easily  acted  on  by  soft 
water  containing  oxygen  and  carbonic  acid ; 
and,  as  lead  is  poisonous,  the  particles  con- 
tained in  the  water  render  it  unwholesome. 

984i  ITaa  spring-water  the  same  effect  od  lead  ? 

A.  No :  most  spring-waters  contain  salts 
of  various  kinds,  which  prevent  the  decom- 
position of  the  lead. 

985i  Is  lead  useful  in  the  arts? 

A.  Yes  :  the  white  lead  and  red  lead  used 
by  painters  are  made  from  lead.  Litharge 
is  also  a  preparation  of  lead. 

A  worker  Id  load  is  called  a  plamber,— frgm  tho  Latin  plnmbam, 

Shot  oro  madn  of  an  nlloj,  or  pnmpound  of  lead  and  arsenic;.  Tho 
arseaic  sonea  to  rondur  tirn  load  moro  hard  BDd  brittle. 

988.  What  is  the  peculiar  property  of  zinc  f 
A.  It  is  not  readily  acted  on  by  the  air  or 
water.  For  this  reason  it  is  used  for  roofing, 
lining  of  refrigerators,  gutters,  &;c.,  and  is 
also  employed  for  coating  iron  to  prevent 
rusting. 

987.  What  is  iron  thus  coated  with  zinc  called  ? 

A.  Galvanized  iron. 

988i  Ti>  what  other  important  use  is  zine  applied  ? 
A.  Zinc    is    used   in  the    construction  of 
voltaic  or  galvanic  batteries. 
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A.  Its  hardness.  By  a  peculiar  process  it 
may  be  converted  into  steel,  which  is  so 
hard  that  it  will  cut  any  known  substance 
except  the  diamond. 

991.  What  is  cast  iron  ? 

A.  Iron-ore  melted  in  a  iuma<;e  and, 
while  in  the  liquid  state,  suffered  to  run  into 
moulds  of  sand. 

992.  What  is  wrought  iron  ? 

A,  It  is  made  from  cast  iron,  which,  after 
being  powerfully  heated  in  a  furnace,  is  made 
into  lumps,  which  are  hammered  and  drawn 
while  hot,  between  rollers,  into  bars. 

993.  What  is  steel  ? 

A.  Wrought  or  bar  iron  surrounded  with 
charcoal,  and  placed  during  six  or  eight  days 
in  a  furnace  intensely  heated :  the  carbon 
unites  with  the  iron,  and  forms  what  is  called 
"carburet  of  iron,"  (or  steel.) 

When  (he  bars  are  taken  out  of  the  furnace  thej  are  covered  with 
blislera,— nhence  the  name  of  blistered  Eteel. 

994.  What  is  cast  steel  ? 

A.  The  blistered  bars  of  steel  are  broken 
up  and  heated  in  a  furnace  until  complete 
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fusion  or  melting  takes  place.     This  is  cast 
steel. 

SbeiiT  ste«l  ie  mnde  bj  breaking  tbe  blistered  bars  iota  pieces  about 
eigbleeo  inches  in  length ;  four  of  theae  bars  and  one  about  double  the 
length  are  bound  together,  heated,  hammered,  heated  again,  and  then 


995i  What  remiirkaljle  property  belongs  to  steel  ? 
A.  That  of  becoming  hard  when  suddenly 
cooled. 

SEOnOH  II.-ALL0Y3, 

996.  What  is  an  alloy  ? 

A.  The  combination  of  one  or  more  metals 
is  called  an  alloy.  All  compound  metals  are 
alloys, 

997.  What  is  au  amalgam  ? 

A.  The  combination  of  quickftilver  with  a 
metal. 

998.  Name  some  of  the  principal  alloys. 

A.  Bronze,  bell-metal,  brad's,  pewter,  Ger- 
man silver,  Britannia  metal,  solders,  &c. 

999>  What  are  the  component  parts  of  the  gold  coins 
of  the  United  States? 

A.  They  are  made  of  gold,  silver,  and 
copper. 

90  parts  of  gold,  2J  of  ailver,  and  7i  of  copper. 

1000.  What  arc  the  component  parts  of  the  silver 
;oins  of  the  United  States  ? 
A.  Silver  and  copper. 

90  parts  of  eilver,  10  of  copper. 
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1001.  What  is  jeweller's  gold  ? 

A.  An  alloy  of  gold  and  copper  with 
silver :  this  gold  is  liable  to  tarnish ;  but  its 
brilliancy  can  easily  be  restored  by  immersing 
the  metal  in  ammonia. 

1002.  What  is  Dutch  gold  ? 

A.  It  is  properly  an  alloy  of  copper  and 
zinc;  but  the  name  is  generally  applied  to 
the  bronze  and  copper  leaf  which  is  made  in 
Germany  and  sold,  like  gold-leaf,  in  hooka. 

1005.  What  is  Gennan  silver? 

A.  German  silver,  or  white  copper,  (some- 
times called  argentaii,)  is  an  alloy  of  copper, 
zinc,  and  nickel. 

1004.  Whatishrass? 

A.  It  is  an  alloy  composed  of  copper  and 
zinc. 

1005.  What  is  bronze  ? 

A.  An  alloy  of  copper  and  tin.  It  is  used 
for  statues  and  other  works  of  art.  Guns 
and  cannon  for  field-service  are  made  of 
bronze. 

1006.  Why  would  not  iron  answer  as  well  as  hronze 
for  field-pieces  ? 

A.  As  it  has  neither  so  much  strength  nor 
tenacity  as  hronze,  the  pieces  must  neces- 
sarily be  made  heavier. 

1007.  In  what  respect  is  iron  preferable  to  bronze  for 
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A.  Iron  is  less  expensive  than  bronze,  and 
is  more  capable  of  sustaining  long-continued 
firing  with  larger  charges.  Iron  cannon  are 
better  calculated  for  the  heavy  firing  of 
sieges, 

A  cbarge  is  the  powder  with  which  a  gun  ur  cannon  is  loaded. 

1008.  What  is  pewter  ? 

A.  An  alloy  of  tin  and  lead. 

1009.  What  is  bell-metal  ? 

A.  It  is  a  mixture  of  copper  and  tin,  but 
contains  more  tin  than  bronze  does. 

1010.  What  is  Britannia  metal,  such  as  coffee. pots, 
teapots,  &c.,  are  niade  of? 

A.  It  is  an  alloy  of  tin  with  lead,  cop- 
per, zinc,  antimony,  &;c,,  according  to  its 
quality. 

1011.  What  is  type-metal  ? 

A.  The  metal  of  which  printing-types  are 
formed  is  an  alloy  of  lead,  tin,  and  antimony, 

1012.  now  18  iron  galvanized  ? 

A.    By  plunging   it   into    melted  zinc, — 

when    an    alloy  is  formed    on    the  surface, 
which  prevents  oxidation,,  or  rust. 

1013.  How  are  looking-glasses  silvered? 

A.  An  amalgam,  or  compound  of  quick- 
silver and  tin,  is  spread  over  the  surface  of 
a  plate  of  glass. 
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!014.  What  is  comiuon  solder? 

A.  Solder  is  a  mixture  of  lead  and  tin. 


CHAPTER  II.— GLASS,  PORCELAIN, 
EARTHENWARE. 

IOI5i  What  is  glass  ? 

A.  Glass  is  a  mixture  of  silex  and  an 
alkali  (usually  the  carbonate  of  potash  or 
soda)  with  lime  or  oxide  of  lead,  according 
to  the  quality  of  glass  to  be  manufactured. 
These  substances  are  melted  together  at  a 
high  temperature,  which  expels  the  carbonic 
acid.  The  mass  is  left  to  cool,  until  it  is  in 
a  proper  state  for  working. 

1016.  How  13  glass  worked  ? 

A.  Articles  of  blown  glass,  such  as  bottles, 
&c.,  are  made  thus.  The  workman  has  an 
iron  tube,  five  or  six  feet  long,  with  a  mouth- 
piece of  wood,  to  prevent  the  heat  of  the 
tube  from  injuring  his  mouth:  this  tube  he 
inserts  into  the  pasty  glass,  and  collects  a 
lump  large  enough  to  form  a  bottle;  he 
then  rolls  it  on  a  marble  slab  into  a  pear- 
shaped  ball ;  this  is  inserted  into  a  metal 
mould  which  opens  and  shuts  on  hinges : 
he  then  blows  through  the  tube  so  as  to  ex- 
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pand  the  cooling  glass  into  the  shape  of  the 
mould ;  the  mould  is  then  opened,  and  the 
bottle  is  taken  out  at  the  end  of  the  tube ;  it 
is  then  touched  with  a  rod  of  cold  iron,  which 
cracks  off  the  bottle  at  its  mouth-piece. 

1017,  How  is  plate-glass  made  ? 

A.  It  is  cast  on  a  flat  metal  table,  and, 
after  careful  annealing,  is  ground  and  polished 
hy  machinery. 

'■  Annealing,"  a  procCBs  which  renders  glass  less  briltlo  or  liable  to 
break.  This  estremo  brittlene-s  ia  prevented  by  placing  the  glasi  in 
an  oven,  where  it  will  cool  very  slowly.  It  requires  some  hours,  ot 
even  days,  to  cool. 

lOlSi  How  is  plate-glaiss  ground? 

A.  One  plate  of  glass  is  attached  to  a 
table,  and  a  smaller  one  is  firmly  fixed  in  a 
wooden  frame.  The  smaller  one  is  made 
to  move  over  the  lower  plate  by  means  of 
machinery.  At  first,  moistened  sand  is 
thrown  between  the  plates ;  as  they  become 
smoother,  wet  emery  of  different  degrees  of 
fineness  is  used,  instead  of  the  sand ;  lastly, 
it  is  polished  with  putty  of  tin. 

in  the  ar«  fur  polinhing,  under  the  name  of  putty  powder,  or  putty 
of  till. 

1019.  For  what  purpose  is  plate-glass  used  ? 

A,  For  mirrors  and  large  window-panes. 

1020.  How  arc  mirrors  made  ? 

A,  They  are  made  of  plate-glass  covered 
with  an  alloy  of  mercury  and  tin. 

The  alloy  is  formed  of  30  pmta  meroury,  70  tin. 
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IO2I1  Wiiat  is  porcelain  ? 

A.  All  kinds  of  china-ware,  such  as  art 
used  for  dishes,  cups,  &c.,  are  denominated 
porcelain :  some  kinds  are  much  finer  and 
more  beautiful  than  others. 

The  £ret  royal  toble^service  of  Eogllsh  mannfactare  was  mode  ToT 
Queen  Charlotte,  wife  of  George  III.,  by  Joaiah  Wedgwood,  who  was 

wards  called  Queaosnare. 

1022i  Of  what  is  porcelain  composed  ? 

A.  The  chief  materials  used  in  its  manu- 
facture are  a  certain  clay  derived  from  de- 
composed feldspar,  calcined  flints  finely 
ground,  together  with  a  portion  of  feldspar 
reduced  to  powder. 


1023i  How  are  these  materials  mixed  together  ? 

A.  They  are  put  into  a  kind  of  mill, 
which  is  a  large  cylindrical  vessel  or  tub, 
into  which  a  small  stream  of  water  is  con- 
stantly suffered  to  trickle.  The  mass  is  now 
ground  or  mixed  into  a  kind  of  pap  or 
dough.  This  dough  is  kneaded  or  worked 
with  the  hands  until  the  mass  is  quite 
smooth  and  of  a  uniform  color.  It  is  now 
ready  for  moulding. 

1024.  What  is  moulding  ? 

A.  rorming  the  dough  or  paste  into  the 
shape  required,  such  as  bowls,  plates,  cups, 
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1025i  How  are  those  article*  moulded  ? 
A.  The  operation  is  performed  on  a  ma^ 
chine  called  a  potter's  lathe.  A  small  piece 
of  the  clay  or  dough  is  placed  upon  this 
lathe,  and,  owing  to  the  rapid  rotary  motion 
of  the  machine,  the  workman  is  able  to 
shape  a  vessel  by  keeping  his  hands  con- 
stantly wet ;  he  moulds  it  to  a  proper  size 
by  means  of  pegs  and  gauges.  It  is  suffered 
to  dry  partially,  and  is  then  placed  upon 
another  lathe,  when  it  is  shaped  more  evenly 
and  accurately  and  smoothed  and  burnished 
with  a  polished  steel  surface.  The  vessels 
are  then  put  into  a  kiln  and  baked, 

1026.  How  long  is  porcelain  usually  baked  ? 
A.  It  requires  forty  hours  or  more. 

1027.  How  is  the  gloss  given  to  china  plates  ? 

A.  This  is  called  glaring.  Glaze  is  made 
in  various  ways,  according  to  the  quality  of 
the  articles  to  be  glazed. 

Gypsum,  silica,  and  a  little  porcelain  clay 
are  ground  together  and  diffiised  through 
water.  Sometimes  a  little  lead  is  added. 
Each  article  is  dipped  for  a  moment  in  this 
mixture  and  withdrawn.  The  water  sinks 
into  the  substance,  leaving  the  powder  evenly 
spread  on  its  surface.  They  are  once  more 
dried,  and  put  into  a  kiln  which  is  fired  at 
an  extremely  high  temperature.     The  ware 
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is  then  finished,  unless  it  is  to  be  gilded  or 
otherwise  ornamented. 

|l)28>  How  is  stoneware,  such  as  is  used  for  jugs, 
jars,  &e.,  made  ? 

A.  This  ia  a  very  coarse  kind  of  porcelain, 
made  from  clay  containing  oxide  of  iron  and 
a  little  lime. 

1029i  How  is  stoneware  glazed  ? 

A.  By  throwing  common  salt  into  the 
heated  furnace :  this  is  volatilized  by  the 
vapor  of  water  which  is  always  present,  and 
the  silica  of  the  clay  of  which  the  ware  is 
composed.  This  fuses  over  the  surface  of 
the  ware  and  gives  a  thin  but  excellent 
glaze. 

"Volatiliie,"  to  fly  off.     "Fuses,"  mells  or  liquefies  by  teat- 

1030>  What  is  earthenware  ? 

A.  This  is  composed  of  a  species  of  clay 
mixed  with  silica.  It  is  moulded  in  the 
same  manner  as  porcelain,  dried  and  baked 
in  a  kiln :  it  is  then  glazed  with  a  mixture 
which  contains  the  oxides  of  lead  and  tin, 
after  which  it  is  reheated. 
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ORGANIC  CHEMISTRY. 


1031.  What  ia  organic  chemistry? 

A.  The  chemistry  of  compounds  obtained 
either  directly  or  indirectly  from  organic 
substances,  vegetable  or  animal. 

1032>  What  are  the  elements  which  compose  organio 
Biibstances  generally? 

A.  All  organic  substances,  with  compara- 
tively few  exceptions,  are  composed  of  car- 
bon, hydrogen,  oxygen,  and  nitrogen. 

Sulpliur  at.d  phosphorus  are  oocasionnlly  asiociated  with  these,  and 
>leo  GertHin  compounds  contaiDiDg  chlorine,  iodine,  tc. 


CHAPTER  I.— SUGAR. 

1033.  Or  what  is  sugar  composed  ? 

A.  Of  carbon,  hydrogen,  and  oxygen. 

1034>   Is  sugar  a  vegetable  suhstanee  ? 

A,  Yes :  it  is  found  in  the  juice  of  many 
plants  and  in  the  sap  of  several  trees ;  but 
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it  is  extracted  in  the  greatest  abundance 
from  the  juice  of  the  sugar-cane,  which  is 
cultivated  for  that  purpose  in  the  Southern 

States. 

I035>  From  what  other  sources  is  sugar  obtained  ? 

A.  From  the  sugar-maple,  which  grows 
abundantly  in  the  United  States,  and  from 
beet-root. 


I036>  How  is  sugar  made  from  the  sugar-cane  ? 

A.  The  cane  is  crushed,  and  the  expressed 
juice  mixed  with  a  small  quantity  cf  slacked 
lime  and  heated  to  near  the  boiling-point: 
the  clear  liquid  thus  produced  is  rapidly  eva- 
porated in  an  open  pan,  after  which  it  is 
transferred  to  a  shallow  vessel  and  left  fo 
crystallize,  during  which  time  it  is  frequently 
agitated,  in  order  to  hinder  the  format'on  of 
large  crystals :  it  is  then  drained  from  the 
syrup,  or  molasses.  This  is  what  is  called 
raw  or  Muscovado  sugar ;  after  which  it  is 
refined. 

1037.  How  is  sugar  refined  ? 

A.  By  re-dissolving  it  in  water,  and  adding 
a  certain  quantity  of  albumen  in  the  shape  of 
blood  or  white  of  egg,  and  sometimes  a  little 
lime-water,  and  heating  -the  whole  to  the 
boiling-point. 
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1038.   What  effect  has  the  albumen  on  the  sugar? 

A.  It  coagulates,  and  fonns  a  kind  of  net- 
work of  fibres,  which  enclose  and  separate 
from  the  liquid  all  the  impurities  suspended 
in  it. 

I0S9>  What  is  the  next  process  toward  making  sugar? 

A.  It  is  then  filtrated  through  charcoal, 
evaporated,  and  put  into  conical  earthen 
moulds,  where  it  solidifies.  It  is  then 
drained  and  dried,  and  the  product  is  the 
ordinary  loaf-sugar. 

1040.   What  is  grape  sugar  f 

A.  It  is  the  sugar  of  fruits,  and  is  abun- 
dantly diffused  throughout  the  vegetable 
kingdom.  It  is  called  grape-sugar  because 
it  may  be  extracted  in  large  quantities  from 
the  juice  of  sweet  grapes.  Grape-sugar  forms 
the  solid  crystalline  portion  of  honey. 
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CHAPTER  II.— FERMENTATION  AND 
PUTREFACTION. 

8ECTI0H  I.-rERBESTATIOH. 

t041>  What  is  fermentation  ? 

A.  Fermentation  is  a  change  effected  in 
the  elements  of  a  body  composed  of  carbon, 
hydrogen,  and  oxygen, 

1012*  What  new  compounds  are  produced  by  tiie 
change  tailed  fermentation  ? 

A.  Alcohol  and  carbonic  acid.  The  alco- 
hol is  still  further  changed,  unless  the  process 
be  checked,  into  acetic  acid,  or  vinegar. 

1043>  What  are  the  elements  of  grape-sugar? 

A.  Carbon,  oxygen,  and  hydrogen,  in  equal 
oroportions. 

1044i  What  changes  docs  sugar  undergo  by  ferment- 

A.  It  is  first  decomposed,  and  then  its  ele- 
ments reunite  in  different  proportions,  pro- 
ducing alcohol,  carbonic  acid,  and  water, 

or  sugar,  one  portion  is  ulnohol  and  another  ciirbonic  scid,— ns  ma; 
bo  seen  by  tbe  followmg  table:— 

Every  atom  of  anhydrous  sugar  contnina J2  '  12'   12 


J2     12     12 
"Anbydrous  sugar"  is  sugar  driad  at  300°. 

1043>  How  does  sugar  form  alcohol  hy  fermentation? 
A.  Two-thirds  of  its  carbon  and  one-third 
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of  its  oxygen  reunite  with  tlie  hydrogen  and 
generate  alcohol. 

1046.  How  does  sugar  furin  carbonic  acid  by  fer- 
mentation ? 

A.  The  remaining  one-third  of  its  carbon 
and  two-thirds  of  its  oxygen  reunite  and 
generate  carbonic  acid. 

1047>  What  becomes  of  the  alcohol  which  is  thus 
generated  by  fermentation  ? 

A.  It  mixes  with  the  water,  and  forms  the 
intoxicating  part  of  beer  and  wine. 

1048i  What  becomes  of  tho  carbonio  ncid  which  is 
geoerated  by  fermentation  ? 

A.  It  escapes  into  the  air. 

WW.  Why  is  barley  malted  ? 

A.  Because  germination  is  produced  by  the 
artificial  heat,  and  in  germination  the  starch 
of  the  grain  is  converted  into  sugar. 

1050.  What  is  alcohol  ? 

A.  The  spirit  of  beer  and  wine,  obtained 
by  fermentation. 

1051.  Of  what  elements  is  alcohol  composed  ? 
A.  Of  carbon,  oxygen,  and  hydrogen. 

Of  ftlcohol,  4  pMlB  are  oarbon,  2  oxygen,  and  6  hydrogKn. 

1052.  W^hat  is  meant  by  spirit  above  and  below  proof? 
A.  If  we  say  that  spirit  is  ten  over  proof, 

we  mean  that  one  hundred  gallons  of  it  will 
require  ten  gallons  of  water  to  reduce  the 
spirit  to  proof  strength.  So,  on  the  converse, 
if  we  say  that  spirit  is  ten  under  proof,  we 
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mean  that  ten  gallons  of  water  must  be  taken 
from  the  spirit  to  raise  it  to  proof  strength. 


The  strength  of  spirit  is  now  tested  by  an  instrument  ealled  the 
hjdromoter. 

1053i  Why  is  it  not  needful  to  put  yeast  into  grape- 
juice  in  order  to  produce  fermentation  ? 

A.  Because  grape-juice  contains  a  suffieient 
quantity  of  a  nitrogenized  substance  (like 
yeast)  to  produce  fermentation, 

^*  Nilrogeaizedi'*  tha£  is^  containing  nitrogen. 

I051i  Of  what  does  the  juice  of  grapes  consist? 

A.  Mainly  of  water,  holding  in  solution 
albumen,  sugar,  cream  of  tartar,  &c. 

1055>  Kow  is  wine  made? 

A.  The  albumen  contained  in  the  juice  of 
the  grapes  undergoes  a  change,  and  acquires 
the  power  of  exciting  fermentation  in  any 
liquid  containing  sugar. 

1056i  What  is  the  albumen  called  when  it  possesses 
this  property  ? 

A.  It  is  called  lees  of  wine. 

I057t  How  aro  champagne  and  sparkling  hock  made? 

A.  The  fermentation  of  the  grape-juice  is 
checked  before  it  is  complete :  the  wine  ia 
bottled,  and  the  process  of  fenncntation  is 
continued  in  the  bottles. 

1058.  Why  do  these  wines  sparkle  ? 

A.  Because  the  carbonic  acid,  being  disen- 
gaged under  considerable  pressure,  is  retained 
in  the  wine. 
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1059i  Why  do  not  grapes  fermeDt  while  they  hang  on 
the  vine  F 

A.  Because  the  water  of  the  juice  eva- 
porates through  the  skin,  and  allows  the 
grapes  to  shrivel  and  dry  up  after  they  are 
ripe. 

Vm.  What  is  gluten? 

A.  A  tough,  elastic  substance,  composed  of 
carbon,  oxygen,  hydrogen,  and  nitrogen. 

IO6I1  Does  malt  contain  gluten  ? 

A.  Tes.  Theinfusionofmaltcalled  "sweet- 
wort"  contains  an  abundance  of  gluten  ;  and 
the  yeast,  which  converts  its  sugar  into  alco- 
hol, converts  this  gluten  into  yeast. 

1062.  How  is  barley  malted  ? 

A.  It  is  moistened  with  water,  and  heaped 
up ;  by  which  means  great  heat  is  produced, 
which  makes  the  barley  sprout. 

lOftSt  Why  is  not  tJio  barley  suffered  to  grow  aa  well 
as  sprout  ? 

A.  Because  plants  in  the  germ  contain 
more  sugar  than  in  any  other  state  :  as  soon 
as  the  germ  puts  forth  shoots,  the  sugar  of 
the  plant  is  consumed  to  support  the  shoot. 

.  lOfili  How  is  barley  prevented  from  shooting  in  the 
process  of  malting  ? 

A.  It  is   put    into  a  kiln   as   soon  as   it 


,y  Google 


224       FERMENTATION   AND   PUTREFACTION. 

eprouta,  and  the  heat  of- the  kiln  checks  or 
destroys  the  young  shoot. 

1065.  What  is  yeast? 

A.  The  foam  of  beer,  or  of  some  similar 
liquor,  produced  by  fermentation. 

1066t  Why  is  jeast  used  in  brewing  ? 

A.  Because  it  consists  of  a  substance  called 
gluten,  undergoing  putrefaction;  in  which 
state  it  possesses  the  peculiar  property  of  ex- 
citing fermentation. 

If  tho  gluten  were  not  in  ft  putrefjing  slato,  it  oould  not  produce 
ftrmentation. 

I067i  Why  is  yeast  needfu!  in  order  to  make  malt 
into  beer? 

A.  Because  the  presence  of  a  putrefying 
body  containing  nitrogen  is  essential  in  order 
to  convert  sugar  into  alcohol. 

1068i  "What  effect  hua  yeast  upon  the  awoet-wort  ? 

A.  It  causes  the  sugar  to  be  converted  into 
dicohol  and  carbonic  acid. 

I069i   Why  is  porter  much  darker  than  ale  or  beer  ? 

A.  Because  the  malt  of  which  porter  is 
made  is  dried  at  a  higher  temperature,  and 
slightly  charred. 

Small  besr  ia  a  wcalt  wort  fermeuteil,  and  contftine  U  por  eect.  «( 
»kobol. 

Ale  is  a  Btionger  worl,  and  contains  1  per  cent,  of  alcohol. 

Porter  eoBtMns  4i  per  cent,  of  alco!i«l. 

Brown  Stout  contaius  BJ  per  eant.  of  alcohol. 

Burton  Ale  contains  81  per  cent,  of  ftlcohn!. 

"  Wort"  ia  the  formentahlc  infueioo  of  malt  or  grain. 
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1070.    What   13   the    froth   or   syum   of    fermented 

A.  Putrefying  glutinous  substances,  of  a 
nature  similar  to  yeast,  which  rise  to  the 
surface  from  their  lightness. 


A.  Because  too  much  of  the  carbonic  acid 
gas  produced  by  fermentation  is  suffered  to 
escape. 

1072.  Why  does  milk  turn  sour  ? 

A,  Because  it  undergoes  fermentation, 
during  which  "  lactic  acid "  is  formed,  and 
the  milk  becomes  sour. 

The  lactio  aoid  is  formed  from  the  sugar  of  milk  by  fermenttttion. 

1073.  Why  does  milk  turn  sour  in  hot  weather  much 
sooner  than  in  cold  ? 

A.  Because  heat  very  greatly  accelerates 
the  process  of  fermentation,  during  which 
lactic  acid  is  formed. 

1074.  Why  cannot  stale  milk  be  boiled  without  curd- 
ling it  ? 

A.  Because  stale  milk  is  in  an  incipient 
state  of  fermentation,  which  the  heat  of  the 
fire  greatly  accelerates ;  and  the  lactic  acid 
which  is  formed  during  fermentation,  mixing 
with  the  casein  of  the  milk,  coagulates  it. 

1075.  Why  docs  a  small  portion  of  corrosive  subhmate 
keep  paste  from  turning  sour  ? 

A.  Corrosive  sublimate,  being  a  powerful 
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antiseptic,  prevents  fermentation,  which  ia 
the  cause  of  the  paste  turning  sour, 

1076.  What  is  bread  ? 

A.  It  is  a  kind  of  food  prepared  generally 
from  the  flour  of  wheat  mixed  with  water  to 
a  dough,  and  submitted  to  the  action  of  heat 
to  bake.  This  kind  of  bread  is  called  unfer- 
mented  or  unleavened  bread. 

1077.  Wliat  is  learened  bread  ? 

A.  It  is  flour  mixed  to  a  dough  with  water, 
to  which  is  added  a  little  leaven  (or  dough 
which  has  been  fermented)  or  yeast, 

I078>  What  effect  has  the  jeast  on  the  dough  ? 

A.  It  assists  in  the  fermentation  of  the 
dough,  by  which  means  carbonic  acid  is  gene- 
rated in  the  mass  and  makes  the  bread  porous 
and  light :  it  is  then  placed  in  the  oven,  and 
this  gas,  expanding  by  heat,  raises  the  dough 
Btill  more,  and  puts  a  stop  to  any  further  fer- 
mentation. 

1079.  How  does  fermentation  make  the  dough  rise  ? 
A.  During  fermentation,  carbonic  acid  gas 

is  evolved;  but  the  sticky  texture  of  the 
dough  will  not  allow  it  to  escape;  so  it 
forces  up  little  bubbles  all  over  the  dough, 

1080.  Why  is  new  bread  indigestible  ? 

A.  Because  the  change  called  "panary  fer- 
mentation" is  not  completed. 

"Panary,"  from  the  Latin  vurd pams,  broad.     "Parary  fcrmenta.- 
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The  sugar  of  the  dough  is  converted  into 
alcohol  and  carbonic  acid  by  fermentation ; 
the  dough,  being  adhesive,  prevents  the  es- 
cape of  these  products  till  the  mass  is  baked, 
— when  the  gas  expands  and  bursts  through 
the  mass,  leaving  a  number  of  holes  or  blad- 
ders, showing  where  it  was  confined. 

So  long  as  the  bread  is  warm,  the  process 
of  fermentation  is  going  on  :  therefore  bread 
should  never  be  eaten  till  it  is  twenty-four 
hours  old. 

I081t  Why  does  bakingdough  convert  it  into  bread? 

A.  When  dough  formed  of  flour  is  baked, 
a  portion  of  its  starch  is  changed  into  a  gum 
called  dextrin. 

A  similar  change  is  produced  upon  the  fari- 
naceous portionof  thedough.  The  jeast  added 
to  the  dough  converts  part  of  the  starch  and 
sugar  into  alcohol  and  carbonic  acid :  of  these 
the  alcohol  evaporates  in  the  oven,  and  the 
carbonic  acid  forces  the  dough  into  bubbles 
in  its  effort  to  escape,  rendering  the  bread 
light  and  full  of  holes. 

In  100  pounds  of  bread  and  100  pounds  of  dongh  there  are — 

In  dough 68  pounds 5  poinds 0  X  Tm 

In  bread m    "       3i    "      18X100 

Whence  it  nill  be  seen  that  Ifl^  pounds  of  starch  have  been  COD- 
vorted  into  the  gum  tailed  dextrin  by  baking. 

of  \ioi>d,  (called  cellulin.)  excopl  that  it  ia  solublo  in  ci 
Diastase  is  a  peouliarvegelfl  hie  principle  of  malt,  er'- 
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I0S2>  Why  is  dough  placed  before  the  fire  f 

A.  1st.  Because  the  heatof  the  fireincreases 
the  fermentation ;  and, 

2d.  It  expands  the  gas  confined  in  the 
little  bubbles ;  in  consequence  of  which,  the 
bubbles  are  enlarged,  and  the  dough  becomes 
lighter  aud  more  porous. 

1083.  Why  will  dough  not  rise  in  cold  weather  unless 
it  be  placed  near  the  fire  ? 

A.  Because  it  gets  cold ;  and  then  the  air 
in  the  little  bubbles  condenses,  the  paste 
falls,  and  the  bread  becomes  close  and  heavy. 

1081>  Why  is  well-made  bread  full  of  holoa  or 
bubbles  ? 

A.  Because  the  fermentation  of  the  dough 
throws  up  little  bubbles  filled  with  carbonic 
acid  gas ;  and  when  the  dough  is  baked, 
these  bubbles  are  made  permanent  in  the 
bread, 

SEOTIOB  II.-PDTEEFAOTION. 

lOSSi  What  is  the  difference  between  fermentation 
tnd  putrefaction  ? 

A.  Fermentation  is  a  change  effected  in 
/,he  elements  of  a  body  composed  of  carbon, 
oxygen,  and  hydrogen,  without  nitrogen : 
putrefaction  is  a  change  efiected  in  the  ele- 
ments of  a  body  composed  of  carbon,  oxygen, 
hydrogen,  and  nitrogen. 

1086.  What  new  compounds  are  produced  by  thf 
change  calhid  putrcfiiction  ? 
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A.  The  carbon,  oxygen,  hjdrogen,  and  ni- 
trogen of  the  original  substance,  being  sepa- 
rated by  decomposition,  reunite  in  the  follow- 
ing manner: — 1.  Carbon  and  oxygen  unite  to 
form  carbonic  acid;  2.  Oxygen  and  hydrogen 
unite  to  form  water;  3.  Hydrogen  and  nitro- 
gen unite  to  form  ammonia. 

Ilu-tehorn  is  n  iolution  of  aminonin  in  waMr. 

When  budiei  ucintiuiiiiig  Bulphur  and  pbusphoma  putrefy,  the  sul- 
phur and  ptuaphurua  uniw  witb  hjdrogen,  and  form  uulphuretted  and 
plioophurettad  liydrtie*n  gMes. 

1087.  What  becomes  of  these  several  products  of 
putrefaction  ? 

A,  They  are  all  elastic  bodies,  and  escape 
into  the  air. 


1088.  What  is  the  cause  of  the  offensive  smel!  which 
issues  from  putrefying  bodies  ? 

A.  The  evolution  of  ammonia,  or  of  sul- 
phuretted and  phosphuretted  hydrogen  gases, 
— all  of  which  have  pungent  and  offensive 
odors. 

gluten   hj  piitrc' 

A.  Its  elements  are  loosened  from  their 
former  conditions  of  combination,  and  re- 
arranged, with  the  addition  of  oxygen  from 
the  air,  into  a  new  series. 

1090.  Why  do  boiled  egga  discolor  a  silver  spoon  ? 

A.  Because  they  contain  a  small  portion 
of  sulphur,  which  unites  with  the  silver  (for 
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which  it  has  a  great  affinitj')  «!iil  tarnishes 


Both  Oie  white  and  yulk  eontain  Bulpiur,— the  latter  mora  abun- 
dantlj. 

lOdIt  Wbat  causes  the  offensive  smell  of  stale  bard- 
boiled  eggs  ? 

A.  The  hydrogen  of  the  egg  combining 
with  the  sulphur  and  phoB[)liorus  form  sul- 
phuretted and  phosphuretted  hydrogen, — 
both  of  which  gases  have  an  offensive  odor. 

nitrogen,  1  hj'drugen,  uid  the 
uid  Eiilphur. 

1092<  Decaying  vegetables  are  first  of  a  brownish  tint: 
why  do  they  alterward  turn  of  a  blackish  color  ? 

A.  Because  the  hydrogen  of  the  decaying 
vegetables  is  separated  from  the  mass  by  the 
process  of  decay,  and  leaves  a  larger  propor- 
tion of  carbon  behind. 

VegetftblofibreoonlainB  621  per  rent,  oroarbon;  when  porti ally  do. 
eiLfcd,  64  per  eeat. ;  nben  blaclc  with  decay,  66  per  cent. 

1093.  Why  are  decaying  vegetables  always  moist  ? 
A.  Because  the  hydrogen  and  oxygen  of 

the  vegetables  are  given  up  by  decay,  and 
unite  to  form  water. 

Decaying  vegetables  oombino  into  the  folluwing  new  forma  ;— let. 
The  oxygen  and  hydrogen  form  into  water;  2d.  The  carbon  unites 
with  the  oxygen  of  the  air,  and  prodnoea  carhonio  ncid  gas. 

1094.  Why  dots  meat  putrefy  sooner  in  hot,  damp 
weather  than  ia  cold  ? 

A.  1st.  Because  the  carbon  of  the  meat 
unites  with  the  oxygen  of  the  air  more 
readily  when  hot  than  cold  ;  and, 
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2d.  Because  the  damp  deposited  on  the 
surface  of  the  meat  is  of  itself  one  of  the 
compounds  of  putrefaction,  and  leaves  an  ex- 
cess of  hydrogen  in  the  meat. 

Thus  the  original  proportions  and  com- 
binations of  the  meat  are  altered  and  de- 


the  original  elemenlg. 

.71.1  Ibeir  reunion  in  a.  new  ur.ler.     Tbe  new  oh 

ler  is  aa  follows  t— 

IsC  G^bun  and  o.\j)(en  unite  [o  funa  oarboni 

oaoid;  2d.  Hydrogen 

ami  oiygen  unite  to  form  water ;  3d.  Hydrogen 

^dnltcg..  ,■[!.» 

IE   propottioaed  to  iU 

heat:  when  red-hut,  the  ooiubinalioQ  is  most  es 

LSily  effeeted. 

The  ohisf   reajon  why  ault  preaervea  meat 

is  tlittt  it  abeorbi  the 

Walat  from  it  and  deprives  It  of  hydrogen. 

A.  Because  moisture  is  more  freely  de- 
posited on  the  meat  in  very  changeable 
weather;  and  this  moisture  is  a  chief  com- 
pound of  putrefaction. 

I093>  How  can  the  taint  of  meat  be  removed  ? 

A.  Either  by  washing  it  with  pyroligneoua 
acid,  or  by  covering  it  for  a  few  hours  with 
common  charcoal,  or  by  putting  a  few  lumps 
of  charcoal  into  the  water  in  which  it  is 
boiled. 

1097.  Why   do   these    things   destroy  the    taint  of 

A.   Because  they  combine  with  the  putres- 
cent particles,  and  neutralize  their     "" 
taste  and  smell. 
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1098.  Why  does  stagnaut  water  putrefy  ? 

A.  Because  leaves,  plants,  insects,  &c.,  are 
decomposed  in  it, 

1099.  Why  is  stagnant  water  full  of  worms,  &e.  ? 
A.  Because    numberless  insects  lay  their 

eggs  in  the  leaves  and  plants  floating  on  the 
surface :  these  eggs  are  soon  hatched,  and 
produce  swarms  of  worms  and  insects. 

I190«  Why  is  flowing  water  free  from  these  impuri- 

A.  1st.  Because  the  motion  of  running 
water  prevents  fermentation ; 

■2d.  It  dissolves  the  putrid  substances 
which  happen  to  fall  into  it ;  and, 

3d.  It  casts  on  the  bank,  by  its  current, 
such  substances  as  it  cannot  dissolve. 

llOli  Birds,  after  they  are  killed,  keep  longer  in 
their  feathers  than  when  they  are  plucked.  Why  is 
this? 

A.  Because  the  feathers  prevent  the  air 
or  damp  from  getting  so  readily  to  the  bird, 
to  produce  decay. 

1 102.  Why  does  unseasoned  wood  decay  much  more 
rapidly  than  wood  well  seasoned? 

A.  Because  the  albumen  which  the  sap 
contains  produces  a  species  of  fermentation, 
during  which  the  cellulin  and  ligneous  matter 
of  the  wood  are  turned  into  carbonic  acid 
and  water. 
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"Ligneous  matter,"  or  vcgutablo  fibre,  is  Iho  hard  or  woody  pnrt 

1 103i  Why  is  wood  placed  in  a  stream  of  runmog 
water  to  season  it  ? 

A.  Because  the  running  water  washes 
away  the  sap,  and  thus  prevents  fermenta- 
tion and  decay. 

I104i  Why  will  solutions  of  salts  prevent  the  decay 
of  wood  steeped  therein  ? 

A.  Because  the  salts  unite  with  the  albu- 
men of  the  sap,  coagulate  it,  and  prevent 
fermentation. 


CHAPTER  III— COMPONENTS  OP  THE 
ANIMAL  BODY. 

1105.  What  is  albumoQ  ? 

A.  The  serum,  or  fluid  portion  of  the 
blood,  {which,  after  exposure  to  the  air,  is 
separated  from  the  more  solid  part,)  the 
vitreous  and  crystalline  humors  of  the  eye, 
the  brain,  spinal  marrow,  and  nerves,  all 
contain  albumen. 

It  exists  most  abundantly,  and  in  its  purest 
natural  state,  in  the  white  of  an  egg ;  whence 
it  derives  its  name,  [album  ovi,  the  Latin  for 
the  white  of  an  egg.) 

AlbumvD  cxietB  id  tbc  aniiiiH.1  lyEtcm  ia  tnu  form:,— Id  the  liquid 
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mi  tha  solid  stufe.  Tho  hint  Example  of  fiuiil  Klbumen  ia  the  whitt 
ur  an  egg.  In  llie  solid  Sluto  il.  forma  tho  principsl  part  of  all  Ibi 
mumbrajies,  skin,  muacle,  Biod  glunds. 

I106i  Milk  buma  very  easily  when  boiled;  water 
will  lift  do  so.     Explain  tbis. 

A.  1st.  Milk  contains  solid  organic  sub- 
stances, capable  of  burning,  which  water 
does  not ;  and, 

2d.  The  heat  of  the  fire  coagulates  the 
albumen  of  the  milli,  which  falls  to  the 
bottom  and  adheres  to  the  boiler. 

1107.  Why  are  lamb  and  veal  more  tender  than  beef 
and  mutton  ? 

A.  Because  they  contain  more  albumen 
and  less  muscular  fibre. 

1108.  Why  do  lamb  and  veal  taint  more  (luicklythan 
beef  and  muttun  I 

A.  Because  they  contain  a  large  quantity 
of  albumen,  which  is  very  liable  to  putre- 
faction. 

II09>  Why  is  meat  tough  which  baa  been  boiled  too 
long? 

A.  Because  the  albumen  becomes  hard 
like  the  white  of  a  hard-boiled  egg. 

The  beat  way  of  boiling  meat  to  milks  it  tender  is  thus :  Put  jouc 
joint  in  very  briek-btjiJing  water,  imd  after  s  few  minutes  add  a  litcl* 
cold  water.  The  boiling  water  mill  jij:  the  albumen,  which  will  pre. 
TBOt  the  water  from  soaking  into  tho  meat,  keep  all  its  juieea  in,  and 
prevent  the  musoular  fibre  from  contranting.  The  addition  of  cold 
water  will  aeonra  the  oooking  of  the  inaldo  of  the  meat  as  well  as  of 
the  surface. 

1110.  Why  is  meat  always  tough  if  it  be  put  into  tb« 
boiler  before  the  water  boils  ? 
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A.  Because  the  water  is  not  hot  enough 
to  coagulate  the  albumen  between  the  muscu- 
lar fibres  of  the  meat,  which  therefore  runs 
into  the  water  and  rises  to  the  surface  as  a 


lllli  Why  is  the  flesh  of  old  animals  tough  ? 

A.  Because  it  contains  very  little  albumen 
and  much  muscular  fibre. 

I1I2>  Is  salted  meat  aa  nutritious  as  fresh  meat? 

A.  No ;  because  the  albumen  of  the  meat 
is  separated  from  the  flesh  by  the  brine,  as 
well  as  the  alkaline  phosphates,  and  some 
other  substances  of  great  value. 

Phospliates  an  nlkaliDe  iind  miaerBl;  aJkatiuo  phospliatea  aie 
phoaphoria  acid  combinell  with  BOUiB  alkali,  such  as  Eoja,  polash, 
magneaia,  4o. 

"AlbnmcQ  of  tliB  moat/'— a  aubaUnce  reaembling  the  whito  of  an 
«Ee,  nhich  lica  between  the  muscular  lihres  of  all  fleah  and  makca 
Ibe  meat  tender. 

"Tho  alkaline  phoEphates  of  meat"  are  anoh  as  these!  the  phos- 
phate of  aoda,  the  phoephalD  of  potnah,  and  the  phosphate  of  magnolia, 

lllSa  Why  does  salt  preserve  meat? 

A.  1st.  Because  it  removes  the  water  con- 
tained in  the  animal  fibre,  absorbing  it  and 
leaving  the  meat  dry. 

2d.  Salt  is  composed  of  chlorine  and 
sodium :  the  chlorine  of  the  salt  takes  up 
the  hydrogen  of  the  meat  as  it  is  given  off', 
and  prevents  the  offensive  taste  and  smell  of 
decay ; 

3d.  Brine  draws  away  the  albumen  from 
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between  the  muscular  fibres,  which  is  verj 
subject  ,to  putrefaction ; 

4th.  The  salt  unites  with  the  muscular 
fibre,  and  makes  a  new  chemical  compound 
aiuch  less  subject  to  decay ;  and, 

5th,  It  keeps  the  air,  flies,  &c.  from  the 
meat. 

I1I4>  la  albumen  found  only  in  animals? 

A.  No  :  it  abounds  also  in  vegetables.  It 
makes  the  chief  bulk  of  some  seeds,  as 
wheat,  corn,  &c. 

1115.  What  is  fibrinc  ? 

A.  It  is  a  compound  which  abounds  in 
both  animal  and  vegetable  substances.  The 
chief  part  of  muscular  flesh  is  fonned  of 
fibrine.  It  also  exists  in  chyle,  and  enters 
into  the  composition  of  the  blood. 

1 116,  What  is  caaeine  ? 

A,  A  white  substance  which  exists  in 
milk,  and  constitutes  the  greater  part  of 
cheese  made  from  skimmed  milk. 

It  resemblea  ooBgulatBil  but  pulverulent  albuman. 

1117i  Docs  ea.seine  exist  also  in  vegetables? 

A.  It  is  found  in  peas,  beans,  &c.  They 
are  crushed,  mixed  with  water,  and  strained. 
In  this  way  the  caseine  is  procured,  which 
has  all  the  characteristics  of  skimmed  milk. 

1118.  What  is  gelatine? 

A.  It  is  a  jelly-like  substance,  formed  bv 
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boiling  animal  membranes,  skin,  and  even 
bones.  It  does  not  exist  in  its  natural  state 
in  the  animal  system,  but  is  easily  produced 
by  means  of  hot  water.  The  well-known 
substance  called  isinglass,  and  also  calves'- 
fcet  jelly,  are  familiar  examples  of  gelatine. 
Glue  is  a  kind  of  gelatine  dried  in  tlie  air. 

1119i  Why  does  the  use  of  salt  beef  produce  scurvy? 

A.  Because  the  soluble  salts  are  removed 
from  the  beef  by  brine ;  in  consequence  of 
which,  it  cannot  restore  to  the  human  system 
those  salts  which  are  essential  to  preserve 
the  blood  in  a  healthy  state. 

Dr.  Budil  haa  ehown  that  it  ie  the  abaenfle  of  vegetables,  nod  not 
ihi;  USB  of  salt  meat,  which  produces  scurvy. 

1120>  Why  does  the  use  of  vegetables  generally  pre- 
vent scurvy  ? 

A.  Because  they  contain  the  soluble  salts 
removed  from  the  beef  by  brine ;  which, 
being  restored  by  the  vegetables,  preserve 
the  blood  in  a  healthy  state. 

II2I1  Why  is  lime-juice  a  perfect  cure  for  scurvy? 

A.  Because  it  contains  the  very  salts  re- 
moved from  the  beef  by  the  action  of  the 
brine, — namely,  alkaline  phosphates,  and  sul- 
phate, chloride,  and  phosphate  of  lime. 

1122i  Why  does  currant-juice  when  boiled  with 
suf;ar  form  a  jelly  ? 

A.  Because  the  currant-juice  contains  pec- 
tine, — a  gelatinous  matter  which  abound.s  in 


,y  Google 


aoe  ANIMAL   HEAT. 

many  fruits.  The  consistence  of  currant 
and  other  fruit  jellies  is  ascribed  to  this  sub- 
Btance. 


CHAPTER  IV.— ANIMAL  HEAT. 

Hid,  What  ia  the  cause  of  animal  heat? 

A.  Animal  heat  is  produced  by  the  com- 
bustion of  hydrogen  and  carbon  in  the  ca- 
pillary vessels. 

II2I1  How  do  hydrogen  gas  and  carbon  get  into 
these  vessels  ? 

A.  The  food  we  eat  is  converted  into 
blood;  and  blood  contains  both  hydrogen 
and  carbon, 

1125.  Why  is  every  part  of  the  body  warm  ? 

A.  Because  the  capillary  vessels  run 
through  every  part  of  the  human  body,  and 
the  combustion  of  blood  takes  place  in  the 
capillary  vessels, 

1126.  What  are  the  capillary  vesseb? 

A.  Vessels  as  small  as  hairs,  running  all 

over   the   body:  they  are   called   capillary 

from    the  Latin  word  "■  capillaris,"    (like  a 
hair.) 

1127.  Prove  that  these  cupi  11  a ry  vessels  run  all  over 
the  human  body. 
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A.  Whenever  blood  flows  from  a  wound, 
some  vein  or  vessel  must  be  divided ;  and, 
as  you  can  bring  blood  from  any  part  of  the 
body  by  a  very  slight  wound,  these  little 
vessels  must  run  through  every  part  of  the 
human  frame. 

1128>  How  does  combustion  take  place  id  the  capil- 
lary vessels  ? 

A.  The  carbon  of  the  blood  combines  with 
the  oxygen  of  the  air  we  breathe,  and  forms 
into  carbonic  acid  gas. 

1 129t  What  becomes  of  this  carhonic  acid  gas  formed 
in  the  human  blood  ? 

A.  The  lungs  throw  oiF  almost  all  of  it 
int«  the  air,  by  the  act  of  respiration. 

lISOi  Does  the  heat  of  the  human  body  arise  from 
the  same  cause  as  the  heat  of  fire  ? 

A.  Yes,  precisely.  The  carbon  of  the 
blood  combines  with  the  oxygen  of  the  air 
inhaled,  and  produces  carbonic  acid  gas, 
which  is  attended  with  combustion. 

llSlt  If  animal  heat  is  produced  hy  combustion, 
why  does  not  the  human  body  burn  up  like  a  coal  or 
candle  ? 

A.  It  actually  does  so.  Every  muscle, 
nerve,  and  organ  of  the  body  actually  wastes 
away  like  a  burning  candle,  and,  being  re- 
duced to  air  and  ashes,  is  rejected  from  the 
system  as  useless. 
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1132i    If  every  bone,  mnsele,    nerve,  and    organ  ia 
thus    consumed   by  combustion,  why  is   not   the  bodj 


A.  It  would  be  so,  unless  the  parts  de- 
stroyed were  perpetually  renewed ;  but,  as  a 
lamp  will  not  go  out  so  long  as  it  is  supplied 
with  fresh  oil,  neither  will  the  body  be  con- 
sumed so  long  as  it  is  supplied  with  sufficient 
food. 

llSSi  What  is  the  principal  difference  hetweea  the 
Eombustion  of  a  fire  or  lamp  and'  that  of  the  human 
body? 

A.  In  the  human  body  the  combustion  is 
effected  at  a  much  lower  temperature  and 
is  carried  on  more  slowly  than  it  is  in  a  lamp 
or  fire. 

1IS4>   What  causes  the  heat  of  our  body? 

A.  The  carbon  of  our  blood  combines  with 
the  oxygen  of  the  air  inhaled,  and  produces 
carbonic  acid  gas;  which  evolves  heat  in  a 
way  similar  to  burning  fuel. 

1135i  Why  do  oxygen  and  carbon  so  readily  unite  in 
the  blood  ? 

A.  Because  the  atoms  of  carbon  are  so 
loosely  attracted  by  the  other  materials  of 
the  blood  that  they  unite  very  readily  with 
the  oxygen  of  the  air  inhaled. 

1136>  Is  carbonic  acid  wholesome? 

A.  No :  it  is  fatal  to  animal  life,  and, 
whenever  it  is  inhaled,  acts  like  a  narcotic 
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poiyon, — producing  drowsiness,  which  some- 
times ends  in  death, 

1137.  ITi>w  is  it  that  carbon  can  be  made  to  burn  at 
eo  low  a  tciiijierature  in  the  humaa  bodyf 

A.  Because  the  carbon  in  the  blood  is 
reduced  to  very  minute  particles ;  and  these 
particles  are  ready  to  undergo  a  rapid  change 
as  soon  as  oxygen  is  supplied. 

llSSi  Why  are  very  poor  people  instinctively  aversa 
to  ventilation  ? 

A.  1st.  Because  ventilation  increases  the 
oxygen  of  the  air,  the  combustion  of  food, 
and  the  cravings  of  appetite ;  and, 

2d.  Ventilation  cools  the  air  of  rooms  :  to 
poor  people,  therefore,  who  are  ill  clad,  the 
warmth   of   an    ill-ventilated    apartment  is 


1139a  Why  arc  the  ill  clad  also  instinctively  averse 
to  cleanliness  ? 

A.  Because  dirt  is  warm :  (thus,  pigs,  who 
love  warmth,  are  fond  of  dirt :)  to  those, 
therefore,  who  are  very  ill  clad,  the  warmth 
of  dirt  is  agreeable.     • 

IllOi  Why  docs  flannel,  &e.  make  us  warm? 

A.  Flannel  and  warm  clothing  do  not 
make  us  warm,  but  merely  prevent  our  body 
from  becoming  cold. 


A.  Flannel,  being  a  bad  conductor,  will 
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ueither  carry  off  the  heat  of  our  body  into 
the  cold  air,  nor  suffer  the  cold  air  to  come 
in  contact  with  our  warm  body, 

1113.  Why  are  frogs  and  fishes  cold-blooded  animals? 

A.  Because  they  consume  very  little  air; 
end  without  a  plentiful  supply  of  air  com- 
bustion is  too  slow  to  generate  much  animal 
heat. 

1143i  Why  is  a  dead  body  cold? 

A,  Because  air  is  no  longer  conveyed  to 
the  lungs  after  respiration  has  ceased,  and 
therefore  animal  heat  is  no  longer  generated 
by  combustion. 

1144i  Why  do  we  need  warmer  clothing  by  night 
than  by  day  1 

A.  1st.  Because  the  night  is  generally 
colder  than  the  day ;  and, 

2d.  Our  bodies  are  then  colder  also;  be- 
cause we  breathe  more  slowly,  and  our  ani- 
mal combustion  ia  retarded. 

1115>  Why  do  we  perspire  when  very  hot? 

A,  The  pores  of  tlie  body  are  like  the 
safety-valves  of  a  steam-engine :  when  the 
heat  of  the  body  is  very  great,  some  of  the 
combustible  matter  of  the  blood  is  thrown 
off  in  perspiration,  and  the  heat  of  the  body 
kept  more  temperate. 

1146i  Why  does  running  make  us  warm  ? 

A.  Because  we   inhale  air   more  rapidly 
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when  we  run,  and  cause  the  blood  to  pass 
more  rapidly  through  the  lungs  in  contact 
with  it.  Running  acts  upon  the  capillary 
vessels  as  a  pair  of  beUows  on  a  common 
fire. 

11I7>  Why  does  inhaling  air  rapidly  make  the  body 
feel  warm  ? 

A.  Because  more  oxygen  is  introduced  into 
the  body  ;  in  consequence  of  which,  the  com- 
bustion of  the  blood  is  more  rapid,  the  blood 
itself  is  more  heated,  and  every  part  of  the 
body  is  made  warmer. 

II48>  How  does  the  combination  of  oxygen  with  the 
blood  produce  animal  heat? 

A.  The  principal  element  of  the  blood  is 
carbon ;  and  this  carbon,  combining  with  the 
oxygen  of  the  air  inhaled,  produces  carbonic 
acid  gas,  in  the  same  way  as  burning  fuel. 

U49.  What  becomes  of  the  nitrogen  of  the  air  after 
the  OKygen  enters  the  blood  ? 

A.  It  is  thrown  out  from  the  lungs  un- 
dianged,  by  the  act  of  breathing,  to  be  again 
mixed  with  oxygen  and  converted  into 
common  air, 

1150>  Explain  how  we  breathe. 

A,  By  a  muscular  action,  we  make  an 
enlarged  space  in  the  chest ;  the  pressure 
of  the  external  atmosphere  forces  air  into 
this  space,  so  as  to  fill  it.  By  a  second  mus- 
cular action,  the  lungs  arc  compressed,  and 
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the  air  is  forced  out  and  escapes.     The  air 
which  escapes  is  chiefly  nitrogen. 

1151i  Why  does  the  vitiated  air,  after  the  oxygen 
has  been  absorbed,  come  out  of  the  mouth,  and  not  siDk 
into  the  stomach  ? 

A.  Because  a  mechanical  provision  is  made 
in  the  upper  part  of  the  windpipe  and  gullet 
for  this  I 


Tho  lunge  are  a,  hollow,  spongy  mass,  oupnble  of  confining  air  and 
of  being  dilatail  by  il.  They  are  so  aituttt«d  in  tha  thorai  (or  oheat) 
that  the  ur  must  enter  into  Ujem  nheaever  the  cavities  of  the  thoruc 
arc  enlarged.  The  process  of  brenthtng  ia  performed  thus ;  When  ne 
iHAafe,  the  thorax  i^  expanded  ^  in  consequence  of  which,  a  vacuum 
is  formed  round  tha  lungs,  and  heavy  exieraul  air  instantly  enteis, 
Ihrough  the  mouth  aivd  throat,  tt>  supply  Ibis  vacuum. 

When  we  eihaU,  the  thorax  contracts  again ;  in  coneequenca  of 
irhich,  it  eaa  no  longer  contain  (he  same  quantity  of  air  as  it  did 
before ;  and  some  of  it  is  necessarily  expelled.  When  this  cipiilsion 
Dr  air  takes  place,  the  lungs  and  muscular  fibres  of  the  irindpipa  and 
piltet  eon  tract  in  order  to  assist  the  process. 

1153<  If  both  in  combustion  and  respiration  the  oxy- 
gen of  the  air  is  consumed  and  the  nitrogen  rejected, 
why  are  not  the  proportions  of  tlie  air  destroyed  ? 

A.  Because  the  under  surface  of  vegetable 
leaves  during  the  day  gives  out  oxygen,  and 
thus  restores  to  tlie  air  the  very  element  of 
which  it  has  been  deprived. 

I153>  Whence  do  leaves  obtain  the  oxygen  which 
they  eshale? 

A.  From  the  carbonic  acid  absorbed  by 
the  roots  from  the  soil  and  carried  to  the 
leaves  by  the  rising  sap. 

Carbonic  acid,  it  mucl  be  remembered,  is  a  compound  of  carbon 
and  oxygon. 

1154i  How  do  plants  contrive  to  absorb  carbonic  acid 
from  the  soil  ? 
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A.  It  rises,  by  capillary  attraction,  through 
the  small  fibrous  i-oots,  after  it  has  been  dis- 
solved in  the  soil  by  water. 

1I5S>  If  leaves  throw  off  the  oxygen  of  the  carbonic 
acid,  what  becomes  of  the  carbon  ? 

A,  It  is  retained  to  give  firmness  and 
solidity  to  the  plant  itself. 

1156i  Show  how  God  has  made  auimal  life  dependent 
on  that  of  vegetables. 

A.  Animals  require  oxygen  to  keep  them 
alive,  and  draw  it  from  the  air  by  inspiration. 
The  under  surface  of  leaves  gives  out  oxy- 
gen, and  thus  supplies  the  air  with  the  very 
gas  required  for  the  use  of  animals. 

1157.  Show  how  God  has  made  vegetable  life  de- 
pendent on  that  of  animals. 

A.  Plants  require  carbonic  acid,  which  is 
their  principal  food ;  and  all  animals  exhale 
the  same  gas  from  their  lungs.  Thus  plants 
supply  animals  with  oxygen,  and  animals 
supply  plants  with  carbonic  acid. 

SECTION  I.-POOD, 

1158.  What  h  the  fuel  of  the  body? 

A.  Food  is  the  fuel  of  the  body.  The 
carbon  of  the  food,  mixing  with  the  oxyjifen 
of  the  air,  evolves  heat,  in  the  same  way 
that  a  fire  or  candle  does, 

1 159.  How  is  food  converted  into  blood  ? 

A.   After  it  is  swallowed,  it  is  dissolved 
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in  the  stomach  into  a  gray  pulp,  called 
chyme ;  it  then  passes  into  the  intestines, 
and  is  converted  by  the  "bile"  into  a  milky 
substance,  called  chyle. 

llfiOi  What  becomes  of  the  milky  substance  called 
chyle  ? 

A.  Itis  absorbed  by  vesselscalled"lacteals," 
and  poured  into  the  veins  on  the  left  side  of 
the  neck, 

IIBli  What  becomes  of  the  chyle  after  it  is  poured 
into  the  Toina  ? 

A.  It  mingles  with  the  blood,  and  is  itself 
converted  into  blood  also. 

1162>  How  does  the  oxygen  we  inhale  mingle  with 
the  blood  ? 

A.  The  oxygen  of  the  air  mingles  with 
the  blood  in  the  lungs,  and  converts  it  into  a 
bright-red  color. 

II6S1  How  does  osygen  convert  the  color  of  blood 


A.  The  coloring-matter  of  the  blood  is 
formed  by  very  minute  globules  floating  in 
it ;  the  oxygen,  uniting  with  the  coats  of 
these  globules,  makes  them  milky,  and  the 
dark  coloring-matter  of  the  blood,  seen 
through  this  milky  coat,  appears  of  a  bright 
red. 

If  yon  pnt  soma  dark  renous  blond  into  ft  milkj  gloa!,  and  hold  it 
ip  toward  the  light,  it  vill  appear  or  a  biight  florid  co'or  like  artcri^ 
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1164i  What  ia  the  color  <if  the  blood  before  it  ia 
oxidized  in  the  lungs  ? 

A.  A  dark  purple.  The  oxygen  turns  it 
to  a  bright  red. 

"  Oxidiicd,"  imprognated  with  oiygen. 

I165>  Why  are  persona  pale  who  live  in  close  rooms 
and  cities  ? 

A.  Because  the  blood  derives  its  redness 
from  the  oxygen  of  the  air  inhaled ;  but,  as 
the  ait  in  close  rooms  and  cities  is  not  fresh, 
it  is  deficient  in  oxygen,  and  cannot  turn  the 
blood  to  a  beautiful  bright  red. 

11S6>  Why  are  persons  who  hve  iu  the  open  air  and 
in  the  country  of  a  ruddy  coDiplcxion  ? 

A.  Because  they  inhale  fresh  air  which 
has  its  full  proportion  of  oxygen ;  and  the 
blood  derives  its  brigh1>red  color  from  the 
oxygen  of  the  air  inhaled. 

1167.  Why  is  not  the  air  in  cities  so  fresh  aa  that  in 
the  country  ? 

A.  Because  it  is  impregnated  with  the 
breath  of  its  numerous  inhabitants,  the  odor 
of  its  sewers,  the  smoke  of  its  fires,  and 
many  other  impurities. 

1168.  Why  do  we  feel  lazy  and  averse  to  activity  in 
very  hot  weather  ? 

A.  Ist.  Because  muscular  activity  in- 
creases the  heat  of  the  body,  by  quickening 
the  respiration  ;  and, 

2d.  The  food  we  eat  in  hot  weather,  not 


,y  Google 


248  ANIMAL   HEAT. 

being  greasy,  naturall_>'  abates  our  desire  for 
bodily  activity, 

IIH9.  Why  are  the  Esquimaux  passionately  fond  of 
traiu-oi!  and  whale-blubber  ? 

A.  Because  oil  and  blubber  contain  large 
quantities  of  carbon  and  hydrogen,  which  are 
exceedingly  combustible ;  and,  as  these  peo- 
ple live  in  climates  of  intense  cold,  the  heat 
of  their  bodies  is  increased  by  the  greasy  na- 
ture of  their  food. 

II70.  Why  do  we  like  strong  meat  and  greasy  food 
when  the  weather  is  very  cold  ? 

A.  Because  strong  meat  and  grease  eon- 
tain  large  portions  of  carbon  and  hydrogen, 
which,  when  burned  in  the  blood,  produce  a 
larger  amount  of  heat  than  any  other  kind 
of  food. 

II71>  Why  do  persons  eat  more  fuod  in  cold  weather 
than  in  hot? 

A.  Because  the  body  requires  more  fuel  in 
cold  weather  to  keep  up  the  same  amount  of 
animal  heat ;  and  as  we  put  more  fuel  on  a 
fire  on  a  cold  day  to  keep  our  apartments 
warm,  so  we  eat  more  food  on  a  cold  day  to 
keep  our  body  warm. 

[I72>  Why  do  we  like  fruits  and  vegetables  most  in 
hoi  weather  ? 

A.  Because  they  contain  less  hydrogen  and 
carbon  than  meat,  and  therefore  produce  both 
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less   blood,  and  blood  of  a  less  combustible 
nature. 

1I7S<  Why  do  we  feel  a  dislike  to  stroug  meat  and 
greasy  food  in  very  hot  weather  ? 

A.  Because  strong  meat  and  grease  con- 
tain so  much  carbon  and  hydrogen  that  they 
would  make  us  intensely  hot :  we  therefore 
instinctively  refuse  them  in  hot  weather. 

1174.  Why  do  the  inhabitants  of  tropical  countries 
live  chiefly  upon  rice  and  fruit  ? 

A.  Because  rice  and  fruit  by  digestion  are 
mainly  converted  into  water,  and,  by  cooling 
the  blood,  prevent  the  tropical  heat  from  feel- 
ing so  oppressive. 

II75>  Why  is  the  blood  of  a  less  combustible  nature 
if  we  live  chiefly  upon  fruits  and  vegetables  ? 

A.  Because  fruits  and  vegetables  supply  tlie 
blood  with  a  very  large  amount  of  water, — 
which  is  not  combustible,  like  the  carbon 
and  hydrogen  of  strong  meat. 

1176.  How  do  fruits  and  vegetables  cool  the  blood  ? 

A.  1st,  They  diminish  the  amount  of  car- 
bon and  hydrogen  in  the  blood,  which  are  the 
chief  causes  of  animal  heat ;  and, 

2d.  They  supply  the  blood  with  a  large 
amount  of  water,  which  exudes  through  the 
skin  and  leaves  the  body  cool. 
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SECTION  n.-HlIBOEE. 

1177i  Why  does  cold  produce  hunger  ? 

A.  Ist.  Because  the  air  contains  more  oxy- 
gen in  cold  weather,  and  therefore  fires  bum 
more  fiercely,  and  animal  combustion  is  more 
rE4>id;  and, 

2d.  As  we  are  more  active  in  cold  weor- 
ther,  our  increased  respiration  acts  like  a 
pair  of  bellows  on  the  capillary  combustion, 

I178«  Why  does  rapid  digestion  produce  a  craving 
appetite  ? 

A.  This  is  a  wise  providence  to  keep  our 
bodies  in  health  :  they  give  notice,  by  hun- 
ger, that  the  capillary  fires  need  replenish- 
ing, in  order  that  the  body  itself  may  not  be 
consumed. 

1IT9>  Why  do  we  feel  a  desire  for  activity  in  cold 
weather  ? 

A.  1st.  Because  activity  increases  the 
warmth  of  the  body,  by  fanning  the  combus- 
tion of  the  blood ;  and, 

2d.  The  strong  food  we  eat  creates  a  desire 
for  muscular  exertion. 

I180>   Why  docs  reading  aloud  make  us  fee!  hungry? 

A.  Because  it  increases  respiration;  and,  as 
more  oxygen  is  introduced  into  the  lungs,  our 
food-fuel  is  more  rapidly  consumed. 

II8I.  Why  do  we  feel  less  hungry  in  the  night  than 
in  the  day  ? 

A.  Because  we  breathe  more  slowly  during 
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sleep:  therefore  less  oxygen  is  introduced  into 
the  lungs  to  consume  our  food-fuel. 

I182i  Why  does  hard  work  produce  huDgcr? 

A.  Because  it  produces  quicker  respiration ; 
by  which  means  a  larger  amount  of  oxygen 
is  introduced  into  the  lungs,  and  the  capillary 
combustion  increased.  Hunger  is  the  notice 
given  by  our  body  to  remind  us  that  our  food- 
fuel  must  be  replenished. 

II8S.  "Why  have  personawho  follow  hard  ont-of-door 
occupations  more  appetit*  than  those  who  are  engaged  in 
sedentary  pursuits  ? 

A.  Hard  bodily  labor  in  the  open  air  causes 
much  oxygen  to  be  conveyed  into  the  lungs 
by  inspiration ;  the  combustion  of  the  food  is 
carried  on  quickly,  animal  heat  increased,  and 
need  for  nutritious  food  more  quickly  indi- 
cated by  craving  hunger. 

1 184*  Why  have  persona  who  follow  sedentary  pur- 
suits less  appetite  than  ploughmen  and  masons  ? 

A.  1st.  Because  the  air  they  inhale  is  less 
pure,  being  deprived  of  some  of  its  oxygen ; 
and, 

2d.  Their  respiration  is  neither  so  quick 
nor  so  strong ;  and  therefore  the  combustion 
of  their  food  is  carried  on  more  slowly. 

1185>  Why  do  persons  feel  lazy  and  averse  to  exer- 
cise when  they  are  half  starved  or  ill  fed  ? 

A.  Animal  food  contains  great  nourishment, 
and  produces  a  desin?  for  active  occupations ; 
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but  when  the  body  is  not  supplied  with  strong 
food,  this  desire  for  muscular  action  ceases, 
and  the  person  grows  slothful. 

II861  Why  does  a  man  shriak  when  starved  ? 

A.  Because  the  capillary  fires  feed  upon 
the  human  body  when  they  are  not  supplied 
with  food-fuel.  A  starved  man  shrinks,  just 
as  a  fire  does  when  it  is  not  supplied  with  fuel. 

1187.  When  a  man  is  starved,  what  parte  of  the  body 
go  first  ? 

A.  First,  the  fat,  because  it  is  the  most 
combustible;  then  the  muscles;  last  of  all,  the 
brain ;  and  then  the  man  dies,  like  a  candle 
which  is  burnt  out. 

1188.  Why  does  want  of  sufficient  nourishmeur  often 
produce  madness  ? 

A.  Because  after  the  fat  and  muscleb  of  the 
body  have  been  consumed  by  animal  combus- 
tion the  brain  is  attacked,  and  madness  often 


CHAPTER  v.— SLEEP, 

1189.  What  is  sleep? 

A.  Sleep  is  the  rest  of  the  brain  and  nei 
vous  system. 

1190>  Why  have  dreamers  no  power  of  judgTr.cii  Or 
reason  ? 

A.  Because  the  '*  cerebrum"  (or  froHt  of 
the  brain)  is  inactive  and  at  rest- 
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lidii  Why  can  we  not  see  when  we  arc  asleep  with 
our  eyes  open  i" 

A.  Because  the  "  retina  of  the  eye"  is  in- 
active and  at  rest. 

If92i  Why  can  we  not  hear  in  sleep? 

A.  Because  the  nerve  of  hearing,  seated 
within  the  tympanum  of  the  ear,  is  at  rest. 

1I93>  Why  can  we  not  feel  when  we  are  asleep? 

A.  Because  the  extremities  of  the  nerves 
situated  in  the  skin  are  inactive  and  at  rest. 

1194>  Why  can  we  not  taste  when  we  are  asleep? 

A.  Because  the  nerves  at  the  end  of  the 
tongue  are  inactive  and  at  rest. 

1 195>  Why  have  persons  in  sleep  no  will  of  their  own, 
but  may  be  moved  at  the  will  of  any  one  ? 

A.  Because  the  "  cerebellum"  (or  posterior 
part  of  .the  brain)  is  inactive  and  at  rest. 

1196.  Why  does  a  person  feel  when  he  is  touched  ? 
A.    Because    the    extremities   of    certain 

nerves  situated  in  the  skin  are  excited,  and 
produce  a  nervous  sensation  called  feeling. 

1197.  Why  arc  persons  able  to  taste  different  flavors? 
A.  Because  the  "j^apillaa"  of  the  tongue 

and  palate  are  excited  when  food  touches 
them,  and  produce  a  nervous  sensation  called 
taste. 

f  198.  Why  is  a  dead  man  taller  than  a  living  one  ? 

A.  Because  at  death  the  cartilages  are  re- 
laxed. So,  also,  after  a  night's  rest  a  man  is 
taller  than  when  he  went  to  bed. 
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CHAPTER  VI.— ACIDS. 


1199.  What  is  an  alkali? 

A.  The  converse  (or  the  opposite)  to  an 


A.  The  fixed  alkalies  are  potash,  soda,  and 
lithia :  they  are  called  Hxed  alkalies  because 
at  a  red-heat  they  will  not  fly  off  in  vapor. 

1201.  What  is  the  volatile  alkali  ?  and  why  is  it  so 
called  ? 

A.  Ammonia,  or  hartshorn, — a  compound 
of  nitrogen,  hydrogen,  and  oxygen :  it  evapo- 
rates at  even  a  low  temperature,  and  is  there- 
fore  called  the  volatile  alkali. 

1202.  What  are  salts  ? 

A.  The  combination  of  an  acid  with  an 
alkali  forms  what  is  chemically  termed  a 
salt. 

1203.  What  are  acids? 

A.  Those  chemical  bodies  called  acids  are 
usually,  but  not  always,  sour  to  the  taste : 
they  change  most  vegetable  blue  colors  to 
red  :  they  combine  readily  with  alkalies  and 
form  salts. 

1204.  Why  does  hartshorn  extract  staina  or  spots  iu 
clothing  caused  by  an  acid  ? 


,y  Google 


ACIDS.  2u(J 

A.  Because  hartshorn  is  an  alkali;  and  the 
property  of  alkalies  is  to  neutralize  acids. 

I205>  Why  does  pyroiigiieous  acid  preserve  meat  and 
remove  its  taint  ? 

A.  Because  it  contains  a  small  quantity  of 
creosote,  which  is  a  great  preservative  of  all 
animal  substances, 

Pyroligneous  iieLiI  is  vinegar  ohtdined  from  -wood. 
Creaaola,— fruiD    Ihe    Hr^ak  wurde   iptut,   [oreaa,)  Jletit,  and  mi^«, 
(sozo,)  tciw,— an  inttnat  from  Ihe  gil  of  tar,  and  a  powerful  antiseptic, 

1206*  Why  are  unripe  apples  and  gooseberries  sour? 
A.  Because  they  contain  malic  acid. 

"Malio,"  fcom  the  Lalin  ward  nialam,  an  apple. 

1297.  Why  does  tanning  hides  convert  them  into 
feather? 

A.  Because  oak-bark  contains  tannic  acid, 
which  with  the  gelatin  of  the  hides  forms  an 
insoluble  compound  called  leather. 

1208.  Why  do  old  wine-casks  smell  offensively? 

A,  Because  wine  and  whiskey  contain  an 
awid  called  oenanthic  acid,  which  unites  with 
the  alcohol  of  the  wine  and  forms  a  salt  of 
an  offensive  smell. 

This  salt  ia  called  the  cpnanthnte  of  ethjle,— that  is,  the  wine?  aoid 


1209.  Why  are  limes,  lemons,  and  unripe  orangea 
Dur? 
A.  Because  they  contain  citric  acid. 
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I2l0i  Why  arc  lamarinda  and  unripe  grapes  sour? 
A.  Because  they  contain  tartaric  acid. 

Tarturii?  aaid  is  the  ueiii  of  turtar.  Tartar  ia  a  sabatanco  deposilej 
by  nine,  adhering  like  u  bard  vrust  to  the  sidca  of  the  naaka. 

ISlli  Why  does  rennet  curdle  milk? 

A.  Because  it  converts  the  sugar  of  milk 
into  lactic  acid,  which  mixes  with  the  casein 
and  coagulates  it. 

Rennet  is  tile  prepared  inner  merabrana  of  the  stflmaeh  of  a  ciilf, 

1212.  Why  does  sour  milk  curdle? 

A.  Milk  consists  of  five  ingredients:  1, 
casein,  or  curd;  2,  butter;  3,  sugar;  4,  water; 
5,  certain  salts. 

The  casein  or  curd  of  sweet  milk  is  like 
the  white  of  an  egg  before  it  is  boiled ;  but 
the  casein  or  curd  of  sour  milk  is  like  the 
white  of  an  egg  after  it  is  boiled. 

This  casein  or  curd  of  milk  is  coagulated 
by  acids.  When  milk  is  sour,  the  lactic  acid 
of  the  sour  milk,  mixing  with  the  casein, 
coagulates  it;  in  consequence  of  which,  it 
separates  from  the  water  and  becomes  an 
insoluble  mass:  in  other  words,  the  milk 
curdles. 


1213(  Why  is  vinegar  sour  ? 

A.  Because  it  contains  acetic  acid. 
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1214>  If  wine  or  beer  be  imperfectly  corked,  wbj  does 
it  rapidly  turn  sour  ? 

A.  Because  air  gets  into  the  liquor ;  and 
the  oxygen  of  the  air,  combining  with  tlie  al- 
cohol of  the  liquor,  produces  acetic  acid,  (or 

vinegar.) 


CHAPTER  VII.— OILS. 

I3l5i  Of  what  is  soap  made  ? 

A.  Soap  is  the  product  of  any  fatty  matter 
combined  with  an  alkali. 

1216*  Why  does  soap  when  laid  on  paint  destroy  it? 

A.  Because  the  soda  or  potash  of  which 
the  soap  is  composed  destroys  or  neutralizes 
the  oil  in  the  paint,  and  sets  the  coloring- 
matter  free. 

1217>  Why  does  soapy  water  "  lather"  ? 

A.  Because  soap  makes  the  water  tenacious, 
and  prevents  its  bubbles  of  air  from  bursting. 
"Lather"  is  only  an  accumulation  of  air- 
bubbles. 


1218.  Why  is  it  impossible  to  write  on  greasy 
paper? 

A.  Because  grease  has  no  affinity  for 
water  or  ink,  and  therefore  will  not  mix 
with  it. 
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I2I9<  Why  does  turpentine  take  out  grcase-spota  from 
fcloth  y 
A.  Because  turpentine  dissolves  fixed  oils. 

The  6xe<\  oils  aro  all  greasy  oils 
Tbe  orhor  suit  of  oilE,  called  vciliidl< 
in  pstfoaxerj',  *o. 

1220.  Why  la  mutloD-fat,  &o.  solid,  and  not  liquid? 

A.  Because  fat  contains  a  predominance  of 
solid  stearine,  and  only  a  very  small  quantity 
of  the  liquid  oily  substance  called  oleine.  On 
the  other  hand,  oil  contains  more  of  the  liquid 
oleine,  and  less  of  the  solid  matter  called 
stearine. 

i221i  Why  is  butter  hard  in  cold  weather,  aud  soft 
in  warm  ? 

A.  Because  in  winter  the  weather  is  too 
cold  to  melt  the  stearine,  and  the  butter  is 
solid ;  but  the  heat  of  summer  dissolves  it, 
or  holds  it  in  solution  in  the  oily  substance 
called  oleine,  and  the  butter  is  soft  and 
liquid. 

IZ22i  Why  does  oil  become  thick  in  winter-time? 

A.  1st.  Because  it  is  condensed  by  the 
cold,  and  rendered  more  solid ;  and, 

2d.  Because  the  "  stearine,"  which  is  held 
in  solution  in  warm  weather,  is  separated  by 
the  action  of  the  cold,  and  deposited  as  a  thick 
white  and  almost  solid  substance. 
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1223.  What  is  the  difference  in  composition  betweuu 
hard  and  soft  soap  ? 

A.  Hard  soap  is  made  of  soda:  soft  soap  is 
made  of  potash. 

1224i  Soap  is  made  of  oil  or  fat :  how  is  it  that  oil 
and  fat  make  water  greasy,  whereas  soap  destroys  grease? 

A.  Oil  contains  two  parts, — the  solid  part 
called  stearine,  and  the  liquid  part  called 
oleine. 

Stearine  of  oil  is  not  soluble  in  water;  but 
when  soda  or  potash  is  mixed  with  it,  the 
oily  principle  fliea  off,  and  the  stearine  is  con- 
verted into  an  oxide  of  potassium,  which  is 
quite  soluble  in  water. 


1225i  From  what  is  salad-oil  made  ? 

A.  It  is  expressed  from  the  fruit  of  the 
olive-tree.  The  best  olive  or  salad  oil  is  ex- 
tracted from  the  pulp  of  the  fruit  by  gentle 
pressure  in  the  cold. 

There  are  other  qualities  inferior  to  thitii, 
in  which  heat  aids  the  extraction  of  the  oil. 

1226.  Why  does  ehurning  cream  convert  it  into 
h  Utter? 

A.  Cream  is  the  fat  or  butter  of  milk  con- 
tained in  little  globular  cases  of  albumen. 
By  churning,  this  film  or  envelope  of  albu- 
men is  broken,  and  the  butter  or  fat  set  free. 

The  j-lubulea  are  invisible  to  the  naked  cyn,  but  may  be  distineti^r 
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ANTIDOTES   FOll    TOISONS. 


1227.  What  is  Indian-rubber  ? 

A.  Indian-rubber,  or  caoutchouc,  is  a  vege- 
table substance  existing  in  the  milky  juices 
of  several  ei>ecies  of  the  Jkus,  and  oxidized  in 
contact  with  the  air. 

"Ficu8,"  lljo  fig-tribe,  (a  species  of  fig-lree.) 

1228.  What  ia  gutta  percha? 

A.  It  ia  the  juice  of  a  tree  which  grows  in 
Malacca,  Borneo,  and  their  vicinities,  and 
becomes  oxidized  in  contact  with  the  air. 
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CHAPTER    VIII.— ANTIDOTES    EOR 
POISONS. 

1229.  If  aperson  feels  faint  from  the  fumes  of  prtissie 
ksid,  what  is  the  best  antidote  ? 

A.  To  smell  the  vapors  of  strong  aninionia, 
(hartshorn.) 

12S0.  What  is  tho  host  treatment  for  one  who  has 
swallowed  prussic  acid  ? 

A.  Apply  diluted  ammonia  (hartshoni)  to 
the  nostrils,  and  let  a  stream  of  cold  water 
from  a  pitcher  fall  from  some  height  on  the 
region  of  the  spine. 

Electrical  shocks  iire  said  to  be  very  bene- 
ficial also. 
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A.  Albumen ;  that  is,  the.  white  of  an 
egg :  the  yolk  of  the  egg  also  contains  albu- 
men, together  with  an  oil  which  is  a  good 
antidote  against  this  poison. 

Flour  and  water  mixed  to  the  consist- 
ence of  a  smooth  paste  have  proved  effi- 
cacious. 

1332>  If  an  over-dose  of  laudanum  has  been  taken, 
what  is  the  beat  antidote  1 

A.  Iodine,  three  grains;  iodide  of  potas- 
sium, six  grains;  water,  one  pint:  to  be 
given  in  doses  of  a  wineglassful. 

Vomiting  should  be  promoted  by  emetics. 

Electro-magnetism  is  often  efficacious  in 
restoring  the  nervous  sensibilities. 


A.  Chalk  or  magnesia  mixed  ivith  a  little 
water. 

i2S4.  What  Is  the  best  antidote  to  verdigris  ? 
A.  Sugar,  or  the  white  of  egg. 

12S5i  If  chlorine  gas  haa  been  taken  immoderately, 
what  is  the  best  antidote  ? 

A.  Eemoval    to    a  current   of    fresh    air, 
and    the    inhalation    of    ammonia,     (harts- 


horn.) 
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1236.  Why  is  strong  green  tea  unwholesome  ? 

A..  Because  it  contains  prussic  acid,  which 
injures  the  nervous  sjstem. 

1237.  .Wliy  will  strong  Souchong  t«a  poison  flies? 
A.  Because  it  contains  prussic  acid,  which 

destroys  their  nervous  system. 
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PART  y. 

METEOROLOGY. 

CHAPTER   L— ATMOSPHERE. 

1238>  What  is  meteorology? 

A.  It  is  a  science  which  has  for  its  object 
the  investigation  of  the  changes  which  are 
constantly  taking  place  in  the  atmosphere. 
The  knowledge  of  the  alterations  of  the  wea- 
ther and  of  the  laws  which  govern  these  alte- 
rations is  styled  Meteorology ;  that  is,  weather- 
wisdom. 


1239.  Of  what  is  atmosplierie 

A.  Principally  of  two  gases,  oxygen  and 
nitrogen,  mixed  together  in  the  following 
proportion, — viz.  1  part  of  oxygen  to  4  of 
nitrogen. 


1240>  What  do  jou  mean  by  a  gas  ? 

A.  An  elastic  fluid  resembling  air. 

Most  nasEs  are  invisible  or  oulorkaa,  like  air. 
"  ElsBtio  :"  in  this  respeet  gas  differs  from  a  liquid,  whi< 
lelflstie,  whereas  gas  is  exceedingly  elastic. 
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1241.   How  is  the  air  heated  ? 

A.  By  convection,  thus : — The  sun  heats 
the  earth,  and  the  earth  heats  the  air  resting 
upon  it:  the  air  thus  heated  rises,  and  is  suc- 
ceeded by  other  air,  which  is  heated  in  a  simi- 
hir  way,  till  the  whole  volume  is  wanned  by 
"  convective  currents." 

I242i  What  is  meant  by  "  convective  currents"  of  hot 

A.  Streams  of  air  heated  by  the  earth, 
which  rise  and  carry  heat  with  them. 

1243<  Does  the  nun  heot  the  air  as  it  does  the  earth  ? 

A.  No :  the  air  is  not  heated  by  the  rays 
of  the  sun,  because  air,  lilte  water,  is  a  very 
bad  conductor, 

1244.  How  is  the  air  made  cold  ? 

A.  The  air  resting  on  the  earth  is  made 
cold  by  contact :  this  cold  air  makes  the  air 
above  it  coldj  and  cold  currents,  or  winds, 
agitate  the  whole  till  all  becomes  of  one  tem- 
perature. 

1243.  What  effeet  is  produced  upon  air  by  cold  ? 

A,  It  is  condensed,  or  shrunk  into  a  smaller 
compass ;  in  consequence  of  which,  it  becomes 
heavier,  and  descends  toward  the  ground. 

1246.  Prove  that  air  is  eimdensed  by  cold. 

A.  Lay  a  bladder  half  full  of  air  before  a 
fire  till  it  has  become  fully  inflated  :  if  it  be 
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now  removed  from  the  fire,  the  bladder  will 
collapse,  because  the  air  condenses  into  ita 
former  bulk. 

1247i  IIuw  do  you  know  tliat  condensed  air  will 
descend  ? 

A.  Because  a  fire-balloon  falls  to  the  earth 
as  soon  as  the  spirit  in  the  cotton  is  burnt  out 
and  the  air  of  the  balloon  has  become  cold 
again. 

1248i  What  is  meant  by  the  bladder  "  collapsing"  ? 

A.  The  skin  becoming  wrinkled,  shrivelled, 
and  flabby,  because  there  is  not  sufficient  air 
inside  to  fill  it. 

1249>  How  are  fishes  able  to  ascend  to  the  surface  of 
■wafer? 

A.  Fishes  have  an  air-bladder  near  the  ab- 
domen :  when  this  bladder  is  filled  with  air, 
the  fish  increases  in  size,  and,  being  lighter, 
ascends  through  the  water  to  its  surface. 

1250i  How  are  fishes  able  to  dive  in  a  minute  to  the 
bottom  of  a  stream  ? 

A,  They  expel  the  air  from  their  air-blad- 
der; in  consequence  of  which,  their  size  is 
diminished,  and  they  sink  instantly. 

1251.  Why  do  persons  who  ascend  in  balloons  feel 
pain  in  their  eyes,  cars,  and  chest? 

A.  Because  the  air  in  the  upper  regions  of 
the  atmosphere  is  more  rare  than  the  air  in 
their  bodies ;  and,  till  equilibrium  is  restored, 
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pain  will  be  felt  in  the  more  sensitive  parts 
of  the  body, — more  especially  in  the  tympa/- 
num  of  the  ear. 

1263i  Why  do  persons  who  descend  in  diving-bell* 
feel  pain  iu  their  eyes,  ears,  and  chest!* 

A.  Because  the  air  in  the  diving-bell  is 
compressed  by  the  upward  pressure  of  the 
water ;  in  conseciuence  of  which,  great  pain 
is  felt  in  the  more  sensitive  pai'ts  of  the 
body. 

Tho  pressure  thns  enuscd  18  somelimes  sufficient  to  niptoF  Iho  mem- 
bnkne  t>f  tbu  tj^inpanuiu  and  prudnca  deofiiesa. 

I253i  Why  do  we  feel  oppressed  just  previous  to  a 

A.  Because  the  air  is  greatly  rarefied  by  heat 

and  va^Mr,  and  the  air  within  us,  seeking  to 
become  of  the  same  rarity,  produces  an  op- 
pressive and  suffocating  feeling. 

I^dli  How  do  you  know  that  the  density  of  the  air  is 
lowered  previous  to  a  storm  ? 

A.  Because  the  mercury  of  a  barometer 
rapidly  f.ills. 

1255i  What  is  to  be  understood  by  the  density  of  th» 
air? 

A.  The  quantity  contained  in  a  given  bulk, 

1256i  Is  there  any  law  regulating  the  density  of  the 
atmosphere  ? 

A.  The  density  of  the  air  decreases  with 
the  altitude. 
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1257.  To  what  is  this  owing? 

A.  To  the  diminished  pressure  of  the  air 
and  the  decreasing  force  of  gravity.  Those 
portions  directly  incumbent  upon  the  earth 
are  most  dense,  because  they  bear  the  weight 
of  the  superincumbent  portions:  rig-s. 
thus,  the  hay  at  the  lower  part 
of  the  stack  bears  the  weight  of 
that  above,  and  is  therefore  more 
compact  and  dense. 

la  l.be  HaeampanjiTiK  engraring  tbis  iiUa  may  be 
BonvBjred  by  Uie  (jradnal  sbading,  wbich  denolea 
tbe  griuluiil  diiaidutiuii  in  cbe  density  af  (he  atuio- 

I25S<  Why  do  cellars  feel  warm  in  winter  ? 

A.  Because  the  external  air  has  not  free 
access  into  them ;  in  consequence  of  which, 
they  remain  at  an  almast  even  temperature, 
— which  in  winter-time  is  warmer  than  the 
external  air. 

1259.  Why  do  cellars  feel  cold  in  summer  ? 

A,  Because  the  external  air  has  not  free 
access  into  them ;  in  consequence  of  which, 
they  remain  at  an  almost  even  temperature, 
— which  in  summer-time  is  colder  than  the 
external  air. 

1260.  Why  is  it  often  painful  and  difficult  to  breathe 
on  a,  mountain-top  ? 

A.  Because  the  pressure  of  air  on  the 
mountain-top  is  not  so  great  as  it  is  on  the 
plain,  and  the  air  inside  our  bodies,  seeking 
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to  become  of  the  same  rarity,  bursts  through 
the  pores  of  the  body  and  produces  great 
pain. 

1261>  Wliat  effect  has  heat  upon  the  air? 

A.  Heat  rarefies  the  air  and  causes  it  to 
expand. 

1362i  How  do  jou  know  that  heat  causes  the  air  to 
expand  ? 

A.  Thus  :  if  a  bladder  half  full  of  air,  tied 
tightly  round  the  neck,  be  laid  before  a  fire, 
the  air  will  expand  by  the  heat  and  fill  the 
bladder. 

1263.  What  is  a  barometer  ? 

A.  A  weather-glass,  or  instrument  to  mea- 
sure the  variations  in  the  weight  of  the  air ; 
by  means  of  which  variations  we  may  judge 
what  weather  may  be  expected. 

"Bwonielor"  ia  a  compound  of-two  Greek  moras,— ^njas,  (baros,) 
«:e;gl,l,  and  (ijrpo-,  {melron,)  a  mea«ure. 

I264>  When,  and  by  whom,  was  the  barometer  in- 
rented  ? 

A.  About  the  middle  of  the  seventeenth 
century,  by  Torricelli,  a  friend  and  pupil  of 
Galileo. 

He  selected  for  his  expcritnent  mercury,  the  beavicj^t  knonii  liquid. 
As  Me  is  13i  times  heavier  than  water,  ho  argued  that  the  oolnmu  of 
merour;  nhich  vonld  be  Buetnined  bip  a  vaeuniii  must  he  13^  limes 
leas  Ihan  the  height  of  &co1uma  of  water  sustained  in  lihe  manner,  cir 
about  30  inches.  He  procured  a  glaae  tube.A  B  (fig.  1]  more  than  30 
inchea  in  length,  open  at  one  end,  A,  and  closed  at  the  other  end,  B, 
Finoing  this  lube  vilb  the  open  end  upward,  he  filled  it  viCh  tnercnrj', 
■nd  applying  faia  fin<-er  tu  the  end  A,ao  aa  to  prevent  the  escape  of  the 
mervury,  he  inverted  Ibu  lube,  plunging  the  eml  A  into  the  cistern 
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n  thei 


from  tbo  top  of  the 
level  E.  about  "'  ' 


Immudia 


Blytl 


grodpaUy  ta  denceod  to  tfai 

■y  in  the  cistern.    The  lefnlt 

was  what  Torncelli  eipectert;  and  be  soon  pereeii-ea  tbo  trne  obue©  of 

F,  while  the  snrface  E  was  protected  from  the  preEBure  by  the  i:loeed 
end,  B,  of  the  tube,  supported  the  weight  of  the  colniun  E  F.  Tbo 
pressure  was  Iranamitled  by  the  liquid  mercury  in  the  cietem  from  the 
eKtemal  surface  F  to  the  base  of  the  column  contained  ih  the  tube. 

l26Si  How  was  the  fact  that  the  column  of  mercury 
was  sustained  by  the  pressure  of  the  atmosphere  i'urther 
verified  ? 

A.  By  an  experiment  made  by  Pascal,  in 

France. 
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1266.  How  did  Ehese  esperiments  lead  to  the  inveii 
tion  of  the  barometer? 

A.  It  was  noticed  that  when  the  apparatus 
above  described  was  kept  in  a  fixed  position, 
the  height  of  the  column  fluctuated  from  day 
to  day  within  certain  small  hmits.  The  effect 
was  of  course  t«  be  attributed  to  the  variation 
in  the  weight  of  the  incumbent  atmosphere, 
arismg  from  various  meteorological  causes. 
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L^ht  of  air,  be  of  s. 


1267.  Why  IS  thu  tube  of  a  ba- 
rometer left  open  ? 

A.  That  the  air  may 
press  upon  it  freely ;  and, 
as  this  pressure  varies,  the 
mercury  rises  or  falls  in  the 
tube. 


barometer,  which 
vice  as  a  weather-gli 
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A.  When  air  is  moist,  or  filled  with  vapor, 
it  is  lighter  than  usual,  and  the  column  of 
mercury  stands  low; 

When  air  is  dry  and  free  from  vapor,  it  is 
heavier  than  usual,  and  the  mercury  stands 
high. 

Thus  the  barometer,  by  showing  the  varia- 
tions in  the  weight  of  the  air,  indicates  the 
changes  of  the  weather  also 

1269i  The  height  of  mountain-,  may  be  ascertained 
by  a  barometer :  explain  this 

A.  As  we  ascend  a  high  mountain,  the 
quantity  of  air  abo'^e  us  becomes  less  and 
less  every  step  we  ascend,  and  requires  less 
mercury  to  balance  it ;  in  consequence  of 
which,  the  mercury  in  the  tube  of  the  baro- 
meter falls. 
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A.  Because  the  mercury  in  the  tube  rises 
and  falls  as  the  air  becomes  heavier  or  lighter; 
and  we  can  generally  tell  by  the  weight  of 
the  air  what  kind  of  weather  to  expect. 
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1271.  Of  what  use  is  a  barometer  io  sailors  ? 
A.  It  warns  them  to  regulate  their  ships 
before  squalls  come  on. 


A.  As  it  indicates  when  wind,  rain,  and 
storm  are  at  hand,  the  sailor  can  make  his 
ship  trim  before  they  overtake  him. 

1273i  Does  water  invariably  boil  when  the  theriuo- 
laoUiT  indicates  ita  temperature  to  be  212"? 

A.  No  :  its  boiling-point  is  212°  when  the 
barometer  stands  at  30  inches.  If  the  baro- 
meter rises  above  30  inches,  the  boiling-point 
of  water  is  more  than  212°. 


A,  Yes :  water  has  been  known  to  boil  at 
180°  of  temperature.  This  occurred  on.  the 
top  of  the  Himalaya  Mountains,  at  an  eleva^ 
tion  of  18,000  feet  above  the  level  of  the  sea. 

1275.  Is  boiling  water  always  equally  hot? 

A.  No :  in  elevated  places  many  substances 
cannot  be  cooked  by  boiling  in  water. 

1276i  Why  cannot  many  substances  he  cooked  by 
boiling  water  iu  elevated  places  ? 

A.  Because  the  pressure  of  the  atmosphere 
is  diminished,  and  consequently  the  mercury 
in  the  barometer  would  stand  below  30  inclicw. 
When  this  is  the  case,  water  boils  before  it  is 
heated  to  212°. 
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I277i  Would  water  boi!  at  a  lower  temperature  than 
211^°  if  placed  under  the  exhausted  receiver  of  an  air- 
pump  ? 

A.  Yes :  water  may  be  made  to  boil  at  a 
temperature  about  eq^ual  to  that  of  summet 
weather,  or  about  72°. 

1278>  Do  all  liquids  boil  at  a  lower  temperature  when 

A.  Yes  :  under  the  exhausted  receiver  of 
an  air-pump  all  liquids  will,  as  a  general,  rule, 
boil  at  a  temperature  140°  lower  than  in  the 
open  air. 

1279.  Why  will  thoj  boil  at  a  lower  temperature  when 
iu  vacuo? 

A.  Because  the  pressure  of  the  atmospliere 
;»  diminished. 

I380i  What  is  the  ordinary  pressure  of  the  atmo- 
iphere  ? 

A.  About  15  pounds  on  the  square  inch 
when  the  barometer  stands  at  30  inches, 

12SI<  If  the  atmoajiheric  pressure  is  equal  to  about 
15  pounds  on  tho  square  inch,  to  what  weight  is  an  ordi- 
nary-sized man  exposed  ? 

A.  To  a  pressure  of  about  fourt<5en  tons. 

1382>  If  he  wore  oppressed  with  a  weight  of  fourteen 
tons  of  iron,  he  would  be  crushed :  why  does  not  tlie 
pressure  of  the  air  kill  us  ? 

A.  Because  ihc  air  is  inspired  by  the  lungs 
and   pervades    the  whole  body :    it   presses 
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equally  in  all  directions,  and  therefore  "we 
Buffer  no  inconvenience. 

1283.    Does  the  air  press  all  bodies  equally  on  all 
Bides  ? 

A.  It  does.     Its  upward  jDressure  is  equal 
to  its  downward  or  its  lateral  pressure. 


a  freely  out  uf  a  barrci 
t-peg  la  removed '( 
A.  Because  the  upward  pressure  of  the  ex- 
ternal air  admitted  through  the  vent-peg 
holds  the  liquor  back,  as  it  is  not  counter- 
balanced by  any  pressure  of  air  on  the  sur- 
face of  the  liquid  in  the  barrel. 

The  npwanLprcBSiiro  on      s      u     n    J  by   he  wing  simplo 

Willi  apiece  of  writing-pn  a    b    ga      up    d     d  wn,  and  the 

HJitcr  will  not  run  out.     Th    p    le         used  m  ri  j       g  vo  tho  air  a 

I285t  When  liquor    ad  lop        i  from  a 

bottle,  why  does  it  gurgle  f 

A.  The  bubbling  noise  is  made  by  the  air 
rushing  into  the  buttle  and  the  liquor  burst- 
ing out. 


The  liquoi,  llUing  Ibe  neok  of  the  bottle,  prev. 

BDts  (ho  air  from  , 

ting  freely  in,  and  the  aif,  pressing  against  the 

muntb  of  tbe  bo 

prevenU  tbe  liquor  bom  getting  freely  out;  in  ( 

ionsequence  of  wh 

tile  air  burala  into  (he  neok  of  the  bottle,  nnd  thi 

,  liquor  runs  from 

same,  by  fits  and  etariB,  as  eitber  is  able  to  prev; 

repeated,  the  noise  produced  is  called  a  gurgle. 

12$6>   If  yon  insert  a  straw  into  a  barrel  of  cider, 
ine,  &c.,  yott  may  suck  tho  liquid  at  pleasure  :  explain 

A.  Bv  Slicking,  all  tlic  air  is  exhausted  or 
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ArawM  out  of  the  straw  :  the  weight  of  the 
siirTOUnding  air  causes  the  liquid  to  rush  in  to 
fii]  tlie  vacuum  in  the  straw,  and,  of  course, 
it  flows  into  the  mouth. 

1287.  If  a  flat  piece  of  moist  leather  be  put  in  close 
contact  with  a  stone  or  other  heavy  body,  and  a  cord  be 
attached  to  the  centre  of  the  leather,  the  stone  may  be 
lifted  by  the  cord  :  explain  tliis. 

A.  The  air  is  excluded  between  the  lea- 
ther and  the  stone ;  consequently,  a  vacuum 
is  formed,  and,  owing  to  the  pressure  of  the 
atmosphere,  which  is  equal  to  15  pounds  for 
every  square  inch,  the  leather  and  stone  are 
so  firmly  attached  together  that  the  weight 
of  the  stone  is  not  sufficient  to  separate  them. 

1288.  What  ia  a  thermometer  ? 

A.  An  instrument  to  show  the  tempera- 
ture of  the  air,  water,  or  any  substance  what- 
ever. 

" Tbertuometer"  is  n.  oomponnd  of  two  Greak  wards, — Otp/uP[,  (ther- 
mos,) heal,  unci  pcrpoi,  (inetfon,)  »icas«,e. 

1289.  What  is  the  difference  between  a  thermometer 
and  a  barometer  ? 

A.  In  a  thermometer  the  mercury  is  sealed 
up  from  the  air,  and  rises  or'falls  as  the  vary- 
ing temperature  of  the  air  expands  or  contracts 
it;  but 

In  a  barometer  the  mercury  is  left  exposed 
(or  open)  to  the  air  at  its  lower  extremity, 
and  rises  or  falls  as  the  varying  weight  of 
the  air  presses  upon  the  open  colimni. 
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13!)0>  If  the  mercury  of  the  thermometer  be  sealed  «j 
from  the  air,  how  can  the  air  aiFect  it  ? 

A.  The  heat  of  the  air  passes  through  the 
glass  tube  into  the  mercury,  which  causes 
the  metal  to  expand  and  rise  in  the  tube. 

1291*  When,  ami  by  whom,  waa  the  thermometer  in- 
vented ? 

A.  The  thermometer  was  invented  about 
the  year  1600  ;  but,  like  many  other  inyen- 
tions,  the  merit  of  its  discovery  is  not  to  be 
ascribed  to  one  person,  but  to  be  distributed 
among  many. 

1292.  Why  is  the  thormometar  in  general  use  in  the 
United  Stiites,  England,  and  Holland  called  Fahrenheit's 
thcnnouieter  f 

A.  Because  thermometers  having  a  like 
graduation  were  first  manufactured  by  Fah- 
renheit, a  Dutch  philosophical-instrument- 
maker.     The  employment  of  mercury  as  the 

Fi(..  7.  most  suitable  fluid  for 

the  thermometer  is  also 
usually  attributed  to 
him. 

1298.  How  many  kinds  of 
thermometers  are  in  general 
use? 

A.  Three, — Fahren- 
heit's, Reaumur's,  and 
the  Centigrade  thermo- 
meter, or  thermometer 
of  Celsius. 
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!  between  these 

A,  The  differences  of  graduation  between 
tlie  freezing  and  boiling  points  of  water. 
Reaumur's  is  divided  into  eighty  degrees,  the 
Centigrade  into  one  hundred,  and  Fahren- 
heit's into  one  hundred  and  eighty.  Accord- 
ing to  Reaumur,  water  freezes  at  0°  and  boils 
at  80° ;  according  to  Centigrade,  it  freezes  at 
0°  and  boils  at  100° ;  and  according  to  Fah- 
renheit, it  fi-eezes  at  32°  and  boils  at  212°. 


CHAPTER  II.— WINDS. 
1295.  What  13  wind? 
A.  Wind  is  air  in  motion. 

f29fi>   What  jiuts  the  air  in   motion,  so  as  to  produce 

A.  The  principal  causes  are  the  variations 
of  heat  and  cold,  jiroduced  by  the  succession 
of  day  and  night  and  of  the  four  seasons. 

IS97i  What  is  the  cause  of  wind  ? 

A.  The  sun  heats  the  earth,  and  the  earth 
lieats  the  air  resting  upon  it :  as  the  wa*Tn 
air  ascends,  the  void  is  filled  up  by  a  rush  of 
cold -air  to  the  place ;  and  this  rush  of  air  we 
call  wind. 

1298.  T)oes  the  wind  always  blow  ? 

A.  Yes :  there  is  always  some  motion  in 
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the  air;  but  the  violence  of  the  motion  is 
perpetually  varying. 

129d>  Does  the  rotation  of  the  earth  upon  its  axis 
affect  the  motion  of  the  air  ? 

A.  Yes,  in  two  ways:  1st.  As  the  earth 
moves  round  its  axis,  the  thin  movable  air  is 
left  somewhat  behind,  and  therefore  seems, 
to  a  stationary  object,  to  be  blowing  in  the 
opposite  direction  to  the  earth's  motion; 
and, 

2d.  Ah  the  earth  revolves,  different  por- 
tions of  its  surface  are  continually  passing 
under  the  vertical  rays  of  the  sun. 

I30».  When  are  the  rays  of  the  sun  called  "vertical 
rays"? 

A.  When  the  sun  is  in  a  direct  line  above 
any  place,  his  rays  are  said  to  be  "vertical" 
to  that  place. 

1301.  Illustrate  the  manner  in  which  the  earth's  sur- 
face passes  under  the  vertical  sun. 

A.  Suppose  the  brass  meridian  of  a  globe 
to  represent  the  vertical  rays  of  the  sun  :  as 
you  turn  the  globe  round,  different  parts  of 
it  will  pass  under  the  brass  rim  in  constant 
succession. 

1302.  Why  is  it  noonday  to  the  place  over  which  the 
sun  is  vertical  ? 

A.  Because  the  sun  is  half-way  between 
his  rising  and  setting  to  that  place. 
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1303.  Sliow  how  tiiis  rotation  of  ih<i  earth  affocta  the 

A.  If  we  suppose  the  brass  meridian  to  be 
the  vertical  sun,  the  whole  column  of  air  be- 
neath will  be  heated  by  the  noonday  rays: 
that  part  which  the  sun  has  left  will  become 
gradually  colder  and  colder,  and  that  part  to 
which  the  sun  is  approaching  will  grow  con- 
stantly warmer  and  warmer, 

ISOl.   Then  there  are  three  qualities  of  air  about  thia 

A.  Yes  :  the  air  over  the  place  which  lias 
passed  the  meridiim  is  cooling;  the  air  under 
the  vertical  sun  is  the  hottest;  and  the  air 
which  is  over  the  place  about  to  pass  under 
the  meridian  is  increasing  in  heat. 

I305>  Does  air,  like  water,  expand  by  heat  ? 

A.  It  does;  and  this  expansion  is  the  cause 
of  winds. 


A.  The  air  always  seeks  to  preserve  an 
equilibrium :  therelbre  cold  air  rushes  into 
the  void  made  by  the  upward  current  of 
warni  air. 

I307>  Why  does  not  the  wind  always  blow  one  way, 
following  the  direction  of  the  sun  ? 

A.  Because  the  direction  of  the  wind  is 
subject  to  perpetual  interruptions  from  hills 
and  valleys,  deserts.  sea.«,  ic. 
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I30S>  How  eaji  liills  aQd  mountains  alter  the  course 
of  tlie  wind  ? 

A.  Supi^ose  a  wind  blowing  from  tlie 
north  strikes  a  mountain :  as  it  cannot  pass 
through  it,  it  must  either  rush  back  again, 
or  fly  olf  at  one  side,  (as  a  marble  when  it 
strikes  against  a  wall.) 

1309.  Do  mountains  affect   the  wind  in  any  other 

A.  Yes  :  many  mountains  are  capped  with 
snow,  and  the  warm  air  is  condensed  when 
it  comes  in  contact  with  them;  but  as  soon 
as  the  temperature  of  the  wind  is  changed, 
its  direction  may  be  chamjed  also.  (See 
Kg.  8.)  ■^  ^ 


Soppoae  A,  B,  C  to  be  tbreo  eolumns  of  air, — A,  tho  column  of  nil 
■which  is  fooling  ilown ;  B,  Ihe  oolumn  lo  wliich  the  (un  is  vertical ; 
and  C,  the  column  tviiii'h  U  to  Ik  heated  next.  In  this  case  the  cold 
air  of  A  wilt  rush  towarJ  B  C ;  bocuuEe  the  ulr  of  B  nud  C  ia  holt«r 
than  A.  But  suppose,  now,  C  to  lie  it  snow-capped  uiuiintalki;  us  tho 
hot  air  of  B  reaches  C,  it  U  eliille.l;  nnd,  bein^  uow  coldoE  thin  the 
air  hehind,  it  loshea  bacli  irjpja  toward  A,  instehd  of  fullowinir  Iha 

1310.    How  c:!u  thu  ocean  si^<:^t  the  dhceiion  <'>   iha 
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A.  When  the  ocean  rolls  beneath  the 
vertical  sun,  the  water  is  not  made  so  hot  as 
the  land ;  in  consequence  of  which,  the  gene- 
ral direction  of  the  wind  is  directed   from 

tracts  of  ocean  toward  tracts  of  land. 

ISIli  Why  is  not  the  water  of  the  sea  made  so  hot 
by  the  vertical  sun  as  the  surface  of  the  land  ? 

A.  1st.  Because  the  evaporation  of  the  sea 
is  greater  than  that  of"  the  land ; 

5d.  The  constant  motion  of  the  water 
prevents  the  increase  of  temperature  at  the 
surface ; 

3d.  The  rays  of  the  sun  strike  into  the 
water;  in  consequence  of  which,  the  imme- 
diate surface  is  much  less  affected  ;  and, 

4th.  Water  is  a  bad  conductor  of  heat. 

IS12.  Why  does  the  evaporation  of  the  sea  prevent 
its  surface  from  being  heated  by  the  vertical  sun  ? 

A.  Because  its  heat  is  absorbed  in  the 
generation  of  vapor  and  carried  off  into  the 
^ir. 

1313.  Why  does  the  motion  of  the  sea  prevent  its 
surface  from  being  heated  by  the  vertical  sun  ? 

A.  Because  each  portion  rolls  away  as 
soon  as  it  becomes  heated,  and  is  succeeded 
by  another;  and  this  constant  motion  pre- 
vents the  surface  of  the  sea  from  being 
much  more  heated  than  the  water  below  the 
surface. 
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I3i4>  Why  aro  those  winds  which  blow  over  largs 
continents  or  tracts  of  laud  generally  dry? 

A,  Because  in  their  passage  they  absorb 
very  little  water,  "sis  they  do  not  blow  over 
large  oceans. 

I3I5>  Why  do  our  handa  and  lips  chap  in  frosty  and 
windy  weather  ? 

A,  1st.  Because  the  wind  or  frost  absorbs 
the  moisture  from  the  surface  of  the  skin ; 
and, 

2d.  The  action  of  wind  or  frost  produces 
a  kind  of  inflammation  on  the  skin. 

1316.   Why  docs  wind  dry  damp  linen  1 

A.  Because  dry  wind  (Hke  a  dry  sponge) 
imbibes  the  particles  of  vapor  from  the  sur- 
face of  the  Unen  as  fast  as  they  are  formed. 

I317i  Why  are  the  west  winds  in  the  Atlantic  States 
generally  dry  ? 

A.  Because  they  come  over  large  tracts  of 
land,  and  therefore  absorb  very  little  water ; 
and,  being  thirsty,  they  readily  imbibe  moists 
ure  from  the  air  and  clouds,  and  therefore 
bring  dry  weather. 

I31S>  Why  is  our  north  wind  generally  cold  ? 

A.  Because  it  comes  from  the  polar  regions, 
over  mountains  of  snow  and  seas  of  ice. 

1319.  Why  are  our  north  winds  generally  dry? 

A,  Because  they  come  from  colder  regions, 
and,  being  warmed  by  the  heat  of  our  climate, 
absorb  moisture  from  every  thing  with  wliich 
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they  come  in  contact ;  in  coiiisequence  of 
which,  they  are  generally  dry. 

1329i  Why  are  our  south  winds  generally  warm  ? 

A.  Because  they  come  over  countries 
wanner  than  our  own,  where  they  are  much 
heated. 

I321>  Why  are  winds  which  blow  over  a  vast  tody 
of  water  generally  rainy  ? 

A.  Because  they  come  laden  with  vapor : 
if,  therefore,  they  meet  with  the  least  chill, 
some  of  the  vapor  is  deposited  as  rain. 

1322.  Do  clouds  affect  the  wind  ? 

A.  Yes.  As  passing  clouds  screen  the 
direct  heat  of  the  sun  from  the  earth,  they 
diminish  the  rarefaction  of  the  air  also ;  and 
this  is  another  cause  why  neither  the  strength 
nor  direction  of  the  wind  is  unifonn. 

SECTION  I.-COHSTAlfT  WIHDa. 

1323.  Would  the  wind  blow  regularly  from  east  to 
west  it'  these  obstructions  were  removed  ? 

A.  Without  doubt.  If  the  whole  earth 
were  covered  with  water,  tlie  winds  would 
always  follow  the  sun,  and  blow  uniformly 
in  one  direction. 

1324.  1*0  winds  ever  blow  regularly  ? 

A.  Yes:  in  those  parts  T)f  the  world  which 
present  a  large  surface  of  water,  as  in  the 
Atlantic  and  Pacific  Oceans. 
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1325.  What   are   the 
Atlantic  and  Pacific  Oceai 

A.  They  are  called  "  trade-winds." 

1326.  Why  are  they  called  "  trade- winds"  ? 

A.  Because  they  are  very  convenient  to 
merchants  who  have  to  cross  the  ocean,  inas- 
much as  they  always  blow  in  one  direction. 

1337.  In  what  direotioQ  do  the  trade-winds  hlow? 

A.  That  in  the  northern  hemisphere  blows 
from  the  northeast ;  that  in  the  southern 
hemisphere,  from  the  southeast. 

132S.  Why  do  they  not  blow  from  the  full  north  and 
south  ? 

A.  Because  currents  of  air  flowing  from 
the  poles  give  them  an  easterly  direction. 

This  eUtet  is  due  ;=  tome  meaBure  to  the  rotation  of  tho  earth  on 

1339.  What  is  the  cause  of  these  currents  of  air 
frorn  the  poles  to  the  equator  ? 

A.  The  air  about  the  equator  constantly 
ascends,  in  consequence  of  being  rarefied  by 
the  heat  of  the  sun ;  and,  as  the  hot  equa^ 
torial  air  ascends,  cold  air  from  the  north 
and  south  flows  toward  the  equator  to  restore 
the  equilibrium. 

1330.  Is  there  an  upper  as  well  as  a  lower  current  in 
the  atmosphere  f 

A,  Yes :  the  upper  current  of  rarefied  air 
is  from  the  equator  to  the  polea, — where  it  is 
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condensed,   and  then  returns  again   to  the 
equator,  forming  the  lower  current, 

I33l>  These  lower  currents  (from  the  poles  to  the 
equator)  have  an  easterly  tendency.  Explain  the  causa 
of  this. 

A,  All  the  atmosphere  revolves  with  the 
earth ;  but  when  a  current  of  air  from  the 
poles  flows  toward  the  equator,  it  comes  to 
a  part  of  the  earth's  surface  which  is  moving 
faster  than  itself;  in  consequence  of  which, 
it  is  left  behind,  and  thus  produces  the  effect 
of  a  current  moving  in  the  opposite  direction. 
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1352.  By  what  mcana  s 

ire  the  northeast 

and  south- 

cast  trade-winds  produced  7 

A.  By  a-  combination  of  the  two  motions 
of  the  polar  currents ;  which  produces  the 
intermediate  directions  of  the  northeast  and 
southeast. 

lS33i  Are  both  these  motions  of  the  polar  currents 
real  ?^ 

A.  No :  the  motion  from  the  east  to  west 
is  only  apparent.  As  the  earth  revolves 
from  west  to  east,  the  air  carried  with  it  will 
be  a  west  wind  ;  but  the  polar  currents  seem 
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to  blow  in  the  opposite  direction,  merely 
because  they  have  not  acquired  the  same 
velocity. 

I334i  Do  trade-winds  Mnw  from  the  northeast  and 
southeast  oil  the  year  round  ? 

A.  Yes,  in  the  open  sea;  that  is,  in  the 
Atlantic  and  Pacific  Oceans,  for  about  thirty 
degrees  each  side  of  the  equator. 

1SS5>  What  do  the  northeasterly  and  southeasterly 
trade-winda  produee  when  they  meet  near  the  equator  ? 

A.  A  region  of  calms,  in  which  thick, 
foggy  air  prevails,  with  sudden  showers  and 
thunder-storms. 

1S36>  Is  this  region  of  calms  fixed  in  its  position? 

A.  No  :  it  shifts  its  place  according  to  the 
sun's  distance,  and  position  in  regard  to  the 
equator, — being  sometimes  entirely  to  the 
north  of  the  equator,  and  occasionally  reach- 
ing as  far  as  two  degrees  south  of  it. 


A.  No ;  nor  in  those  parts  of  the  Atlantic 
and  Pacific  which  vei^e  on  the  continents. 

l3S8i  How  do  the  trade-winds  in  the  Indian  Ocean 
blow? 

A.  From  April  to  October  a  southwest 
wind  prevails;  from  October  to  April,  a 
northeast. 
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SECTIOlf  IL-PERIODIC  WINDS. 

1339i  What  are  those  periodical  ourronts  of  air  called 
which  affect  the  neighborhood  of  the  Arabian,  Icdian 
and  Chinese  Seas  ? 

A.  They  are  called  Monsoons. 

1340.  How  far  do  the  limits  of  the  monsoons  estewd? 

A.  They  extend  from  the  African  shore  to 
the  longitude  of  New  Guinea.,  and  are  felt 
northward  as  far  as  the  parallel  of  latitude 
which  crosses  the  Loochoo  Isles. 


as  powerfu)  as  the  trade- 
win  us; 

A.  They  are  far  more  so,  and  very  often 
amount  to  violent  gales. 

I312i  Why  do  not  the  trade-winds  in  the  Indian 
Ocean  blow  southwest  from  April  to  October  ? 

A.  Because  the  air  of  Arabia,  Pereia,  India, 
and  China  is  so  raretied  by  the  excessive  heat 
of  their  summer  sun  that  the  cold  air  from 
the  south  rushes  toward  these  countries, 
across  the  equator,  during  these  six  months, 
and  produces  a  southwest  wind. 

I343t  To  what  distaoce  does  this  southwest  wind  pre- 
Tail? 

A.  From  three  degrees  south  of  the  equator, 
to  the  shores  of  the  Arabian,  Indian,  and 
Chinese  Seas, 
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I344>  Why  do  the  trade-winds  in  tlie  lodian  Ocean 
blow  northeast  from  October  to  April  ? 

A.  Because  the  southern  part  of  the  torrid 
zone  is  most  heated  when  the  sun  has  left 
the  northern  side  of  the  equator  for  the 
southern,  and  the  cold  air  from  the  north, 
rushing  toward  the  southern  tropic,  is  diverted 
into  the  direction  of  northeast,  where  it  con- 
tinues for  the  other  six  months  of  the  year. 

I345>  Why  are  the  monsoons  more  useful  to  the 
mariner  than  the  fixed  trade-winds  ? 

A.  Because  the  mariner  is  able  to  avail 
himself  of  these  periodic  changes  to  go  in 
one  direction  during  one  half  of  the  year 
and  to  return  in  the  opposite  direction  during 

the  other  half. 

1346.  How  is  the  change  of  the  monsoons  marked  ? 
A.  By  an  interval  of  alternating   calms 

and  storms. 

1347.  Show  the  goodness  and  wisdom  of  God  in  tiie 
constant  tendency  of  air  to  equilibrium. 

A.  If  the  torrid  zone  were  not  tempered 
by  cold  air  from  the  polar  regions,  it  would 
become  so  hot  that  no  human  being  could 
endure  it.  If,  on  the  other  hand,  the  polar 
regions  were  never  warmed  hy  hot  air  from 
the  torrid  zone,  they  would  soon  become  in- 
sufferably cold. 

1348.  In  what  other  way  does  the  mingling  of  the 
polar  and  cquaturial  atiuoaphere  act  beneficially  ? 
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A.  In  the  equatorial  regions  the  great 
abundance  of  vegetable  life  is  productive  of 
a  very  large  amount  of  oxygen;  in  the 
colder  regions,  artificial  fires  and  dense  masses 
of  animal  life  produce  large  quantities  of 
carbonic  acid.  The  mingling  of  the  polar 
and  equatorial  atmosphere  assists  in  supplying 
each  of  these  regions  with  the  very  gas  in 
which  it  would  be  otherwise  deficient. 

IS19>   Why  docs  the  expansion  of  air  cause  witid  ? 

A.  The  heat  of  the  sun  heats  that  part 
of  tlie  surface  of  the  earth  over  whicli  it  is 
vertical ;  the  heat  of  the  earth  thus  acquired 
by  absorption  is  imparted  to  tlie  lowest 
stratum  of  air,  which,  becoming  expanded, 
rises  and  gives  place  to  another,  and  in  this 
manner  an  ascending  current  is  established. 

The  colder  and  heavier  air  ruslies  in  from 
the  colder  regions  north  and  south  to  fill 
the  vacuum  thus  occasioned,  thus  producing 
wind. 


IS50-  How  does  the  mingling  of  the  pokr  and 
eqaattirial  atmosphere  scire  to  supply  each  region  ivith 
the  gas  it  mast  requires  ? 

A.  The  plants  of  the  equatorial  regions  re- 
quire carbonic  acid ;  the  animals  of  the 
colder  regions  require  oxygen.  The  currents 
of  air  from  the  i>oles  carry  carbonic  acid  to 
liio  equatorial  plants,  and  the  currents  of  air 
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from  the  equator  carry  oxygen  to  the  ani 
mats  which  abound  nearer  the  poles. 

SEOnOlf  IIL- VARIABLE  fflKDB. 

1351.  What  arB  variable  winds  ? 

A.  Those  winds  "which  are  irregular  as  to 
their  direction  or  time  of  continuance. 

1352.  Why  is  tiie  rising  sun  in  suuimer  sometimea 
aecouipanied  with  a  breeze  ? 

A.  Because  the  heat  of  the  rising  sun 
stops  the  radiation  of  heat  from  the  earth, 
and  warms  its  surface. 

I3t(3i  How  does  this  warmth  produce  a  breeze  ? 

A.  The  air  resting  on  the  earth's  surface, 
being  warmed  by  contact,  ascends,  and  colder 
air,  rushing  in  to  fill  up  the  void,  produeea 
the  morning  breeze, 

I354>  Wby  ia  there  often  an  evening  breeze  diiriiig 
the  Humiaer  months  ? 

A.  Because  the  earth  radiates  heat  at  sun- 
eet  and  the  air  is  rapidly  cooled  down  by 
contact :  this  condensation  causes  a  motion 
in  the  air,  called  the  evening  breeze. 

1S55<  Why  are  tropical  islands  subject  to  a  sea-breeze 
every  morning  ?  that  is,  a  breeze  blowing  from  the  sea  I  o 
the  land. 

A,  Because  solar  rays  are  unable  to  heat 
the  surface  of  the  sea,  as  they  do  the  earth  : 
therefore  tlie  air  resting  on  the  sea  is  less 
heated  than  the  air  resting  on  the  earth,  and 
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the  colder  sea^air  blows  inland  to  restore  the 
equilibrium. 


A.  Because  some  sudden  change  of  tempe- 
rature has  condensed  the  vapor  of  the  air 
into  clouds. 

1357.  Why  are  clouds  sometimea  dissipated  very 
suddeuty  ? 

A.  Because  some  dry  wind,  blowing  over 
the  clouds,  imbibes  their  moisture  and  carries 
it  off  in  invisible  vapor. 

ind 


A.  If  the  wind  be  colder  than  the  clouds, 
it  will  condense  their  vapor  into  rain ;  but 
if  the  wind  be  warmer  than  the  clouds,  it 
will  dissolve  them  and  cause  them  to  dis- 
appear. 

I359i  Why  13  a  land-breeze  unhealthy  ? 

A.  Because  it  is  frequently  laden  with 
exhalations  from  putrefying  animal  and  vege- 
table substances. 

1380.  Why  is  a  sea-breeze  fresh  and  healthy  ? 

A.  Becauses  it  passes  over  the  sea,  and  is 
not  laden  with  noxious  exhalations. 

1S$1.  What  is  the  cause  of  a  sea-breezef 

A.  When  the  land  is  more  heated  by  the 
sun  than  the  sea  is,  the  land-air  becomes 
hotter  than  that  over  the  sea ;  in  consequence 
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of  which,  the  cooler  sea^air  glides  inland  to 
restore  the  equilibrium. 

1362.  Why  docs  a  sea-breeze  feel  cool? 

A.  Because  the  sun  cannot  make  the 
surface  of  the  sea  so  hot  as  the  land  :  there- 
fore the  air  which  blows  from  the  sea  is 
cooler  than  the  air  of  the  land. 

I363i  Why  are  tropica]  islands  subject  to  a  land- 
breeze  evety  CTCning?  that  is,  a  breeze  blowing  from  the 
land  toward  the  sea. 

A.  Because  the  surface  of  the  land  cools 
down  faster  after  sunset  than  the  surface  of 
the  sea ;  in  consequence  of  which,  the  air  of 
the  cold  land  is  condensed,  sinks  down,  and 
spreads  itself  into  the  warmer  sea-air, — 
causing  the  land-breeze. 


A.  Because  water  does  not  cool  down  at 

sunset  so  fast  as  land  does,  and  therefore  the 
air  in  contact  with  it  remains  warmer. 

1365.   Why  does  not  water  eool  down  bo  fast  as  land? 

A.  1st.  Because  the  surface  of  water  is 
perpetually  changing,  and  as  fast  as  one 
surface  is  made  cold  another  is  presented ; 
and, 

2d.  The  moment  water  is  made  cold  it 
sinks,  and  warmer  portions  of  water  rise  to 
occupy  its  place  :  therefore,  before  the  surface 
of  the  ^ater  is  cooled,  the    whole   volume 
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must  be  made  cold, — which  is  not  the  case 
with  land. 

1366>  Why  is  the  land-breeze  cool? 

A.  Because  the  surface  of  the  land  ia 
cooled  at  sunset  more  rapidly  than  the  surface 
of  the  sea :  therefore  seamen  feel  the  air  from 
the  land  to  be  chilly. 

I367i  l^xplain  the  cause  of  sea-waves. 

A.  The  wind,  acting  on  the  surface  of  the 
sea,  piles  up  ridges  of  water,  leaving  behind 
an  indentation :  as  the  water  on  all  sides 
rushes  to  fill  up  this  indentation,  the  dis- 
turbance spreads  on  ail  sides,  and  billow  rolls 
after  billow. 

1368i  Why  does  wind  generally  feel  cold  ? 

A.  Because  a  constantly  changing  surface 
comes  in  contact  with  our  body,  to  draw  off 
its  heat. 

1369.  How  fast  does  wiad  travel? 

A.  A  gentle  breeze  goes  at  the  rate  of 
about  five  miles  an  hour;  a  high  wind,  from 
twenty  to  sixty  j  a  hurricane,  from  eighty  to 
one  hundred  miles  an  hour. 


1370.  What  is  a 

A.  A  terrific  storm  of  wind,  which,  while 
it  passes  over  the  surface  of  the  earth  or 
oceaai,  revolves  on  an  axis,  or  turns  upon 
itself 
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IS7I.  Explwn  this  more  fully. 

A.  It  is  the  nature  of  a  hurricane  to  travel 
round  and  round  as  well  as  forward,  very 
much  as  a  corkscrew  travels  through  a  cork, 
except  that  the  circles  are  all  flat,  and 
described  by  a  rotatory  wind  upon  the  surface 
of  the  water. 

1372i  What  name  Ao  the  ChiDese  give  to  hurricanes  T 

A.  They  call  them  typhoons. 

1373<   How  is  the  velocity  of  winds  ascertained  ? 

A.  By  observing  the  velocity  of  the  clouds, 
and  by  an  instrument  for  the  purpose,  called 
an  Anemometer. 

Pronounced  an-B-mom'e-ter.  Prom  two  Greek  w"nls,— ii«W(. 
(mierao',)  tciiirf,  and  pfrpov,  (m.^tron,)  a  measure.   This  term  is  applied 

I374i  How  is  the  velocity  of  the  clouds  ascertained? 

A.  By  observing  the  speed  of  their  shadow 
along  the  ground, — which  is  found  in  a  high 
wind  to  vary  from  twenty  to  sixty  miles  an 
hour, 

lJ75i  In  what  respect  does  a  tornado  differ  from  a 
hurricane  ? 

A.  Tornadoes  may  be  regarded  as  hurri- 
canes, differing  chiefly  in  respect  to  their  con- 
tinuance and  extent. 

IS76.  How  long  do  they  usually  last? 

A.  From  fifteen  to  seventy  seconds. 

1377.  What  is  their  extent  ? 

A.  Their  breadth  varies  from  a  few  rodf 
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to  several  hundred  yards,  and  the  length  of 
their  course  rarely  exceeds  twenty  miles. 

1378.  What  phenomena  generally  attend  them  ? 

A.  The  tornado  is  generally  preceded  by  a 
calm  and  sultry  state  of  the  atmosphere, 
when  suddenly  the  whirlwind  appears,  pros- 
trating every  thing  before  it.  Tornadoes 
are  usually  accompanied  by  thunder  and 
lightning,  and  sometimes  showers  of  hail. 

1379.  What  is  a  waterspout? 

A.  A  waterspout  is  a  whirlwind  over  the 
surface  of  water,  and  differs  from  a  whirlwind 
on  land  in  the  fact  that  water  is  subjected  to 
the  action  of  the  wind,  instead  of  objects  in 
the  surface  of  the  earth. 

1380.  When  an  observer  is  near,  are  any  sounds  per- 
ceptible i* 

A.  A  loud  hissing  noise  is  heard,  and  the 
interior  of  the  column  seems  to  be  traversed 
by  a  rushing  stream. 

I3BI.  What  is  the  breadth  and  hci^'ht  of  water- 
epouts  "i 

A.  In  diameter  the  spout  at  the  base 
ranges  from  a  few  feet  to  several  hundreds, 
find  its  altitude  is  supposed  to  be  often 
upwards  of  a  mile. 

1382.  What  are  its  successive  appearances? 

A,  At  first  it  appears  to  be  a  dark  cone, 
extending  from  the  clouds  Lo  the  water ;  then 


,y  Google 


296  WINDS. 

it  becomes  a  column  uniting  with  the  water. 
After  continuing  for  a  little  time,  the  column 
becomes  disunited,  the  cone  reappears,  and 
is  gradually  drawn  up  into  the  clouds.  (See 
fig.  9.) 


1383.  Is  It  1  n.  el  tl  t  r  s  sTickcJ  np  ftom 
the  ocean  or  lake  bj  the  waterspout ! 

A.  Ttisacomraon belief  thatwater is  sucked 
up  by  the  action  of  the  spout  into  the  clouds; 
but  there  is  reason  to  suppose  that  water 
rather  descends  from  the  clouds,  as  water 
which  has  fallen  from  a  spout  upon  the  deck 
of  a  vessel  has  been  found  to  be  fresh.  There 
is  no  evidence,  furthermore,  that  a  continuous 
column  of  water  exists  within  the  whirling 
pillar. 

1384.  What  are  aand-pi liars  ? 
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A.  They  are  gigantic  columns  of  sand 
raised  by  whirlwinds  in  the  deserts  of  Africa 
and  other  countries.  They  sometimes  extend 
as  high  as  the  clouds,  and  move  with  various 
degrees  of  velocity,  carrying  destruction  ja 
their  paths. 


CHAPTER  III.— CLOUDS. 

IS85.  What  are  clouds? 

A.  Moisture  evaporated  from  the  earth, 
and  again  partially  condensed  in  the  upper 
fegions  of  the  air, 

13$6i  What  is  the  difference  between  a  fog  and  a 
cloud  ? 

A.  Clouds  and  fogs  differ  only  in  one  re- 
spect : — clouds  are  elevated  above  our  heads ; 
but  fogs  come  in  contact  with  the  surface  of 
the  earth. 

1387.   Why  are  clouds  higher  on  a  fine  day? 

A.  Because  they  are  lighter  and  more 
buoyant. 

1388i  Why  are  clouds  lighter  on  a  fine  day? 

A.  1st.  Because  the  vapor  of  the  clouds 
is  less  condensed ;  and, 

2d,  The  air  itself,  on  a  fine  day,  retains 
much  of  its  vapor  in  an  invisible  form. 
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1389.  Why  do  clouds  float  so  readily  in  the  airf 

A.  Because  they  are  composed  of  very 
minute  globules,  called  vesicles,  which,  being 
lighter  than  air,  float  like  soap-bubbles. 

IS90.  Are  all  clouds  alike  ? 

A.  No:  they  vary  greatly  in  donsity, height, 
and  color. 

13W.  What  is  the  chief  cause  of  fog  and  clouds? 

A.  The  changes  of  the  wind. 

Mnnj  local  cirBUioBtancea,  ulao,  favor  Iho  fonniition  of  clouds. 

1392.  How  can  the  changes  of  tho  wind  affect  the 
clouds? 

A.  If  a  cold  current  of  wind  blows  sud- 
denly over  any  region,  it  condenses  the  in- 
visible vapor  of  the  air  into  cloud  or  rain ; 
but  if  a  warm  and  dry  current  of  wind  blows 
over  any  region,  it  disperses  the  clouds,  by 
absorbing  their  vapor. 

139S.  What  countries  are  the  most  cloudy? 

A.  Those  where  the  winds  are  most  vari- 
able, as  Great  Britain. 

IS9Ji  What  countries  arc  tho  least  cloudy? 

A.  Those  where  the  winds  are  least  vari- 
able, as  Egypt. 

IStlSa  At  what   distance   are  the    clouds   from   the 

A.  Some  thin,  light  clouds  are  elevated 
above  the  highest  mountain-tops;  some  heavy 
ones  touch  the  steeples,  trees,  and  even  the 
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earth;  but  the  average  height  is  between  one 
and  two  miles. 

Streaky,  ourliug  clouds,  like  hair,  ore  often  five  or  aii  miles  high. 

1396.  What  clouds  are  the  lowest? 

A.  Those  w-hich  are  the  most  highly  elec- 
trified :  lightning-clouds  are  rarely  more  than 
about  seven  hundred  yards  above  the  ground, 
and  often  actually  touch  the  earth  with  one 
of  their  edges. 

1397.  What  is  the  size  of  the  clouds  ? 

A.  Some  clouds  are  twenty  square  miles  in 
surface  and  above  a  mile  in  thickness,  while 
others  are  only  a  few  yards  or  inches  thick. 

1398.  How  can  persons  ascertain  the  thiekuess  of  a 
cloud  ? 

A,  As  the  tops  of  high  mountains  are 
generally  above  the  clouds,  travellers  may 
pass  quite  through  them  into  a  clear  blue 
firmament,  when  the  clouds  will  be  seen 
beneath  their  feet. 

1399.  What  produces  the  great  variety  in  the  shape 
of  the  clouds? 

A.  Three  things :  1st.  The  cause  and  man- 
ner of  their  formation ; 

2d.  Their  electrical  condition ;  and, 

3d,  Their  relations  to  currents  of  wind. 

IJOO.  How  can  electricity  affect  the  shape  of  clouds? 

A.  If  one  cloud  be  full  of  electricity  and 
n.]iother  not,  they  will  bo  attracted  to  each 
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other,  and  either  coalesce,  diminish  in  size 
or  vanish  altogether. 

IMIi  What  clouds  assume  the  most  fantastic  shapen? 

A.  Those  that  are  the  most  highly  elec- 
trified. 

1402.  What  effect  have  winds  on  the  shape  of  clouds? 
A.  They  sometimes  absorh  them  entirely, 

sometimes  increase  their  volume  and  density, 
and  sometimes  change  the  position  of  theit 
parts. 

1403.  How  can  winds  absorb  cloads  altogether  f 

A.  Warm,  dry  winds  will  convert  the  sub- 
stance of  clouds  into  invisible  vapor,  whicli 
they  will  carry  away  in  their  own  current. 

Ii04>  How  can  winds  increase  the  bulk  and  densitj 
of  clouds? 

A.  Cold  currents  of  mnd  will  condense 
the  invisible  vapor  of  the  air  and  add  it  to 
the  clouds  with  which  they  come  in  contact. 

I  J0.>.  How  can  winds  change  the  shape  of  clouds  by 
altering  the  position  of  their  parts? 

A.  Clouds  are  so  voluble  and  light  that 
every  breath  of  wind  changes  the  position  of 
their  vesicles  or  bubbles. 

14(16,  What  are  the  general  colors  of  the  clouds? 

A.  White  and  gray  when  the  sun  is  above 
the  horizon,  but  red,  orange,  and  yellow  at 
sunrise  and  sunset. 

TUu  1.1U1J  akjr  is  not  cluuJ  xl  alL 
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1107>  Why  are  the  last  clouds  of  evening  generally 
of  a  red  tinge  ? 

A.  Because  red  rays,  being  the  least  refran- 
gible of  all,  are  the  last  to  c" 


after  P  C  aud  P  B 


I408t  Wlmt  is  meant  by  being  "  less  refrangible"  ? 

A.  Being  less  readily  bent.  Blue  and  yel- 
low rays  are  more  easily  bent  below  the  hori- 
zon by  the  resistance  of  the  air;  but  red  rays 
are  not  so  much  bent  down,  and  therefore  we 
see  them  later  in  the  evening. 


1409.  Why  i 


ing  clouds  generally  of  a  red 


A,  Because  red  rays  are  the  least  refran- 
gible of  all ;  and,  not  being  bent  so  much  as 
blue  and  yellow  rays,  we  see  them  sooner  in 
the  morning. 


red  rays)  long  befor< 
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1410i  Why  is  not  the  color  of  clouds  alwa^'B  alike? 

A.  Because  their  size,  density,  and  situa. 
tion  in  regard  to  the  sun  are  perpetually 
varying ;  so  that  sometimes  one  color  is  r& 
fleeted  and  sometimes  another. 

1411.  What  regulates  the  motiou  of  the  clouds? 

A,  Principally  the  winds ;  but  sometimes 
electricity  will  influence  their  motion. 

I412i  How  do  you  know  that  clouds  move  by  other 

A.  Because  in  calm  weather  wo  often  see 
small  clouds  meeting  each  other  froii\  oppo- 
site directions. 

1413i  How, do  jou  kuow  that  electricity  affects  the 
motion  (if  the  clouds  ? 

A.  Because  clouds  often  ifieet  from  oppo- 
site  directions,  and,  having  discharged  their 
opposite  electricities  into  each  other,  vanish 
altogether. 

14I4>  What  are  the  uses  o,"  clouds? 

A.  1st.  They  act  as  s-^reens  to  arrest  the 
radiation  of  heat  from  the  earth ; 

2d.  They  temper  the  ''.eat  of  the  sun's 
rays;  and, 

3d.  They  are  the  great  storehouses  of  rain. 

"  Eadlfttion  of  heat;"  that  is,  the  eaeapo  of  heat  when  no  conduoloi 

1415>  Why  is  wiod  said  to  blow  up  the  clouds? 
A.  Because  a  dry,  warm  wind  which  has 
travelled  over  seas,  hr^'ing  ahsorhed  a  large 
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quantity'  of  moisture,  deposits  some  of  it  in 
the  visible  form  of  clouds  as  soon  as  it  reaeliea 
a  colder  region  of  air. 

IJ16i  Why  docs  wind  sometimes  drive  away  the 
clouds  ? 

A.  Because  it  has  travelled  over  dry  lands 
or  thirsty  deserts,  and  become  so  dry  that  it 
absorbs  vapor  from  the  clouds  and  causes 
them  to  disappear. 

1417.  What  is  the  cause  of  a  red  sunset? 

A.  The  vapor  of  the  air  not  being  actually 
condensed  into  clouds,  but  only  on  the  point 
of  being  condensed. 

I418>  Why  is  a  red  sunset  an  indication  of  a  fine  day 
to-nmrrnw  ? 

A.  Because  the  vapors  of  the  earth  are  not 
condensed  into  clouds  by  the  cold  of  sunset. 
Our  Lord  referred  to  this  prognostic  in  the 
following  words  : — "When  it  is  evening,  ye 
say.  It  will  be  fair  weather,  for  the  sky  is 
red."  {Matt.xvl.2.) 

1419.  Wliat  ie  the  cause  of  a  copper j-yellow  sunset? 
A.  The  vapor  of  the  air  being  actually  con- 
densed into  clouds. 

I429>  Why  do  vapors  not  actually  condensed  refract 
red  rajs,  while  condensed  vapors  refract  yellow  ? 

A.  Because  the  beams  of  light  meet  with 
very  little  resistance ;  in  consequence  of 
which,  those  rays  are  bent  down  to  the  eye 
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■which  require  the  least  refrtaction,  such  aa 
red. 

See  Fig.  ID,  where  it  is  cviilent  that  the  red  ray  P  A  is  less  bonl 
than  the  yellow  aad  blue  rays  P  B,  P  C. 

1421i  Why  do  condensed  vapors  refract  yellow  rays, 
whereas  vapors  not  actually  condensed  refract  red  ? 

A.  Because  the  beams  of  light  meet  with 
more  resistance  from  the  condensed  vapor;  in 
consequence  of  which,  those  rays  are  bent 
down  to  the  eye  which  are  more  refracted 
than  the  red,  such  as  yellow. 

See  Pig.  10,  where  it  is  evident  that  (he  ycUaw  ray  P  B  is  more 
beDt  than  the  red  ray  P  A. 

it  an  iDdicatiou  of  wet 

A.  Because  it  shows  that  the  vapors  of  the 
air  are  already  condensed  into  clouds  '■  rain, 
therefore,  may  be  shortly  expected, 

1423.  What  ia  the  eause  of  a  red  sunrise  ? 

A.  Vapor  in  the  upper  region  of  the  air 
just  on  the  point  of  being  condensed. 

1424»  Why  is  a  red  and  lowering  sky  at  sunrise  an 
indication  of  a  wet  day  ? 

A.  Because  the  higher  regions  of  the  air 
are  laden  with  vapor  on  the  very  point  of 
condensation,  which  the  rising  sun  cannot 
disperse.  Hence  our  Lord's  observation,  "  In 
the  morning  ye  say,  It  will  be  foul  weather 
lo-day,  for  the  sky  is  red  and  lowering " 
(Matt,  xvi,.'!.) 
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tl35>  Why  is  a  gray  morniDg  an  indication  of  a  fine 
day? 

A .  Because  only  the  air  contiguous  to  the 
earth  is  damp  and  full  of  vapor :  there  are 
no  vapors  in  the  higher  regions  of  the  air  to 
bend  down  to  the  eye  even  the  red  rays  of 
any  beam  of  light. 

1426.  What  difference  in  the  state  of  the  air  is  re- 
fTuired  to  make  a  gray  and  red  sunrise  V 

A.  In  a  gray  sunrise,  only  that  portion  of 
air  contiguous  to  the  earth  is  filled  with  vapor : 
all  the  rest  is  clear  and  dry;  but  in  a  red  sun- 
rise, the  air  in  the  upper  regions  is  so  full  of 
vapor  that  the  rising  sun  cannot  disperse  it. 

I427i  y^^^iy  is  a  gray  sunset  an  indication  of  wet 
weather  ? 

A.  Because  it  shows  that  the  air  on  the 
surface  of  the  earth  is  very  damp  at  sunset ; 
which  is  a  plain  proof  that  the  air  is  satu- 
rated with  vapor;  in  consequence  of  which, 
wet  weather  may  be  soon  expected.  Hence 
the  proverb — 

-  Evening  refl  and  momiDK  gray 
Will  set  the  traveller  on  hia  waji 
But  evening  graj  and  morning  red 
Will  bring  down  rnin  upon  his  head." 

1428.  Wl.at  is  meant  by  an  aurora  horealia,  or  north- 
ern light? 

A.  Luro  'nous  clouds  in  the  northern  sky  at 
night-time  Sometimes  streaks  of  blue,  pur- 
ple, green  ,  red,  &c.,  and  sometimes  flashes  of 
light,  SLf  !een. 
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A.  Electricity  in  the  higher  regions  of  the 
atmosphere  is  undoubtedly  an  active  agent  in 
producing  this  phenomenon. 

I430>  I»  tiie  aurora  ever  seen  in  other  parts  of  tlio 
heavens  than  toward  the  north  ? 

A.  It  seems  to  originate  at  or  near  the 
poles  of  the  earth,  and  is,  consequently,  seen 
in  its  greatest  perfection  within  the  arctic 
and  antarctic  circles;  but  auroras  of  great 
brilliancy  are  often  seen  in  the  temperate 
zones. 

I43Ii  Do  auroras  appear  only  at  certain  seasons  of  the 

A.  They  appear  at  all  seasons,  but  are  only 
visible  during  the  absence  of  sunlight. 

14S2>  Do  the  auroras  appear  at  any  particular  seasona 

A.  They  appear  more  frequently  in  the 
winter  than  in  the  summer,  and  are  only 
seen  at  night. 

I43S.  Do  they  occur  in  the  daytime? 

A.  The  aurora  is  known  to  affect  the  nuig- 
netic  needle  and  the  telegraph ;  and,  as  the 
effect  upon  these  instruments  is  noticed  by 
day  iie  well  as  by  night,  there  can  be  no 
doubt  of  the  occurrence  of  the  aurora  at  all 
hours.  The  intense  light  of  the  sun  renders 
the  auroral  light  invisible  during  the  day. 
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I434i  Of  what  utility  are  tlie  aurora!  appearances  in 
tte  polar  regions  'i 

A.  During  the  long  polar  night,  when  the 
sun  is  below  the  horizon,  the  aurora  appears 
with  a  magnificence  unknown  in  other  re- 
gions, and  affords  light  sufficient  for  many  of 
the  ordinary  out-door  employments. 


1435>  Why  does  a  haze  around  the  sun  indicate  rain? 
A.  Because  the  haze  is  caused  by  vapor  in 
the  upper  regions  of  the  air. 

U3fi.  Why  is  a  halo  around  the  moon  a  sure  indica- 
tion of  rain  ? 

A.  Because  it  is  caused  by  vapor  in  the 
upper  regions  of  the  air.  The  larger  the  halo 
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the  nearer  the    rain-clouds,  and  the  sooner 
may  rain  be  expected. 

1437.  Why  do  we  feel  almost  suffocated  in  a  liot 
cloudy  night  ? 

A.  Because  the  heat  of  the  earth  cannot 
escape  into  the  upper  regions  of  the  air,  but 
is  pent  in  by  the  clouds  and  confined  to  the 
surface  of  the  earth. 

143S>  Why  do  we  feel  sprightly  in  a  clear,  blight 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of  the 
air,  and  is  not  confined  and  pent  in  by  tliick 
clouds. 

llSSi  Why  do  we  feel  depressed  in  Bpirits  on  a  wcti 
murky  daj'  ? 

A.  1st.  Because  the  air  is  laden  with  va- 
por and  has  (proportionally)  less  oxygen ; 

2d.  The  air,  being  lighter  than  usual,  does 
not  balance  the  air  in  our  body ;  and, 

3d.  Moist  air  has  a  tendency  to  depress 
the  nervous  system. 

1440>  What  is  meant  by  the  "  air  balancing  the  air  in 
our  body"  ? 

A.  The  human  body  contains  air  of  a  given 
density ;  if,  therefore,  we  ascend  into  a  rarer 
air  or  descend  into  a  denser,  the  balance  ia 
destroyed,  and  we  feel  oppressed. 

1441.  Why  do  we  feel  oppressed  if  the  air  around  h 
not  of  the  same  density  as  that  in  our  body  ? 

A.  Because,  if  the  air  be  more  dense  than 
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our  body,  it  will  produce  a  feeling  of  oppres- 
sion :  if  it  be  less  dense,  the  air  in  our  bodj 
will  produce  a  feeling  of  distension. 

SECTION  I-HODinOATION  01  CWnDS, 

I412i  Into  how  many  classes  are  the  different  sorts  of 
clouds  generally  divided  ? 

A.  Into  three  classes,  viz. :  Simple,  Inter- 
mediate, and  Compound. 

1443i  How  are  simple  clouds  subdivided  ? 

A.  Into — 1.  Cirrus;  2.  Cumulus;  and,  3. 
Stratus  clouds.    (See  Fig.  12.) 

1441i   What  sort  of  clouds  are  called  cirrus  ? 

A.  Clouds  like  fibres,  loose  hair,  or  thin 
streaks,  are  called  "  cirrus  clouds." 

1445.  Why  are  these  clouds  called  cirrus  ? 

A.  From  the  Latin  word  cirrus,  a  lock  of 
hair,  or  curl.  Cirrus  clouds  are  the  most 
elevated  of  all. 

1448.  What  do  cirrus  clouds  portend? 

A.  When  the  streamers  point  upward,  the 
clouds  are  falling,  and  rair^  is  at  hand ;  but 
when  the  streamers  point  downward,  drought 
may  be  expected. 

1447i  What  sort  of  cloads  are  called  cumulus? 

A.  Cumulus  clouds  are  lumps,  like  great 
sugar-loaves,  volumes  of  smoke,  or  mountains 
towering  over  mountains. 
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Pig.  12  illnslratEB  the  npiMariinise  of  the  ( 


I118>  Why  arc  these  monster  masses  called  cumulus 
clouds  ? 

A.  Prom  the  Latin  word  cmnuJus,  a  mass 
or  pile. 
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I1I9>  What  do  eumiilus  clouds  fores!^,ow? 

A.  When  these  piles  of  cloud  are  fleecy 
and  sail  against  the  wind,  they  indicate  rain ; 
but  when  their  outline  is  very  hard,  and  they 
come  up  with  the  wind,  they  foretell  fine 
weather. 

CuiuDlns  flauds  BhoDld  be  emaller  Coward  evening  than  Ihey'  are  at 
nooD,  If  the;  increase  in  gise  at  saueeC,  a  thunder-storm  may  be  ex- 
pected In  the  night 

1  J50>  What  sort  of  clouds  are  called  stratus  ? 

A.  Creepivig  mists,  especially  prevalent  ir. 
a  summer  evening  :  these  clouds  rise  at  sun- 
set in  low,  damp  places,  and  are  ahvays  nearer 
the  earth  than  any  other  sort  of  cloud. 

145l>  Why  are  these  mists  called  stratus  clouds? 

A.  From  the  Latin  word  stratus,  laid  low, 
or  that  which  lies  low. 

1452.  What  produces  cirrus  clouds  ? 

A.  Moisture,  in  a  visible  form,  deposited  in 
the  higher  regions  of  the  atmosphere  by  as- 
cending currents  of  heated  air. 

1453i  What  produces  cumulus  clouds? 

A.  Masses  of  visible  vapor  passing  from 
the  places  where  tliey  were  formed  to  other 
places  where  they  are  about  to  be  either  dis- 
solved or  deposited  as  falling  rain. 

14dl>  What  produces  stratus  clouds  ? 

A.  Beds  of  visible  moisture,  formed  by 
some  chilling  effects  acting  along  the  direct 
surface  of  the  earth. 
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1455.  How  are  the  intermediate  clouds  subdivided? 

A.  Into  two  sorts : — 1.  The  Cirro-Cumu- 
lu8 ;  and,  2.  The  Cirro-Stratus. 

1156>  What  are  cirro-cumulus  clouds? 

A.  Cirro-cumulus  clouds  are  cirrus  clouds 
springing  from  a  massy  centre,  or  heavy 
masses  edged  with  long  streaks,  generally 
called  "mares'  tails." 

A  sjsteni  of  small  round  eluatls  may  be  ealled  cirro-cumuluB, 

1157i  What  do  cirro-cumulua  clouds  geuerally  fore- 

A.  Continued  drought,  or  hot,  dry  weather. 

1458.  What  arc  cirro-stratus  clouds? 

A.  They  compose  what  is  generally  called 
a  "mackerel  sky."  This  class  of  clouds  in- 
variably indicates  rain  and  wind :  hence  the 
proverb — 


I459>  What  produces  cirro-eumulua  clouds  ? 

A.  Cumulus  clouds  dissolving  away  into 
cirrus  produce  the  intermediate  class,  called 
cirro-cumulus. 

1460.  What  produces  cirro-stratus  clouds  ? 

A,  Cirrus  clouds  accumulating  into  denser 
masses  produce  the  intermediate  class,  called 
cirro-stratus. 

1461.  How  are  compound  clouds  subdivided? 

A.  Compound  clouds  are  also  subdivided 
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into    two    sorts: — 1.     The    Cumulo-Stratus ; 
and,  2.  The  Nimbus  clouds. 


1462    \Mi  (   ■<  n  pn.  t  bj  c      ul    =tr  t  is  d     1&» 
A,  Those  clouds  which  assume  all  sorts  of 
gigantic    forms, — suoh    as   vast   towers    and 
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rocka,  huge  whales  and  dragons,  scenes  of 
battle,  and  .cloudy  giants.  This  class  of 
clouds  is  the  most  romantic  and  strange  of 

all 

146$.  What  do  tlie  cumulo-stratus  clouds  foretell  ? 

A.  A  change  of  weather, — either  from  fim 
weather  to  rain,  or  from  rain  to  fine  weather 

1134)  What  are  nimbos  clouds? 

A.  All  clouds  from  which  rain  falls,  Niim 
htis  is  the  Latin  word  for  "clouds  which  bring 
a  storm."  (See  Fig.  13.) 

I465i  By  what  particular  character  may  the  nimbus 
er  rain  cloud  be  at  once  distinguished  ? 

A.  By  the  want  of  a  defined  outline  :  its 
edge  is  gradually  shaded  off  from  the  deep 
gray  mass  into  transparency. 

1166.  What  appearance  takes  place  in  the  clouds  a" 
the  approach  of  rain  ? 

A.  The  cumulus  cloud  becomes  stationary, 
and  cirrus-streaks  settle  upon  it,  forming  cu- 
mulo-stratus  clouds,  black  at  first,  but  after- 
ward of  a  gray  color. 

1167i  Why  do  clouds  galjher  around  moun  tain -tops  ? 

A.  Because  the  air,  being  chilled  by  the 
cold  mountain-tops,  deposits  its  vapor  there 
in  a  visible  form  or  cloud. 
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1188.  What  is  dew  r 

A.  Dew  is  the  vapor  of  the  air  condensed 
by  coming  in  contact  with  bodies  colder  than 
itself. 

1169>    Why  is  the  ground   sometimes  covered  with 

A.  Because  the  surface  of  the  earth  at  sun- 
set is  made  so  very  cold  by  radiation  that  the 
wann  vapor  of  the  air  is  chilled  by  contact 
and  condensed  into  dew. 

1170.  What  is  the  difference  between  dew  aod  rain  ? 

A.  In  dew  the  condensation  is  made  near 
the  earth's  surface. 

In  rain  the  drops  fall  from  a  considerable 
height. 

1471.  What  is  the  cause  of  both  dew  and  rain  1 

A.  Cold  condensing  the  vapor  of  the  air 
when  near  the  point  of  saturation. 

1172.  Why  do  mist  and  fog  vanish  at  suarise? 

A.  Because  the  condensed  particles  are 
again  changed  into  invisible  vapor  by  the 
heat  of  the  sun. 

1473.  Why  is  the  earth  made  colder  than  the  air  after 
;he  sun  lias  set  t 

A.  Because  the  earth  radiates  heat  very 
freely,  but  the  air  does  not ;  in  consequence 
;if  which,  the  earth  is  often  five  or  ten  degrees 
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colder  than  the  air  after  sunset,  although  it 
was  much  wanner  than  the  air  during  the 
whole  day. 

I17J>  Why  is  the  earth  warmer  than  the  air  during 
the  day  ? 

A,  Because  the  earth  absorbs  solar  heat 
very  freely,  but  the  air  does  not;  in  conse- 
quence of  which,  it  is  often  many  i' 
warmer  than  the  air  during  the  day. 

1475t  Why  is  the  surface  of  the  ground  colder  ia  a 
fine,  clear  night  than  in  a  cloudy  one? 

A.  Because  on  a  fine,  clear  starlight  night 
heat  radiates  from  the  earth  freely  and  is  lost 
in  open  space,  but  on  a  dull  night  the  clouds 
arrest  the  process  of  radiation. 

1476.  Why  is  dew  deposited  ouly  on  a  fine,  clear 

A.  Because  the  surface  of  the  ground  ra- 
diates heat  most  freely  on  a  fme  night,  and, 
being  cooled  down  by  this  loss  of  heat,  chills 
the  vapor  of  the  air  into  dew. 

1477.  Why  does  ahundauce  of  dew  in  the  morning 
indicate  that  the  day  will  be  fine? 

A.  Because  dew  is  never  deposited  in  dull, 
cloudy  weather,  but  only  in  very  clear,  calm 
nights,  when  the  cold  currents  of  air  are  not 
mixed  with  those  of  a  warmer  temperature. 

1478.  Why  is  there  no  dew  on  a  dull,  cloudy  night? 
A.  Because  the  clouds  arrest  the  radiation 
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uflieat  from  the  earth;  and,  as  the  heat  can- 
not freely  escape,  the  surface  is  not  suffi- 
ciently cooled  down  to  chill  the  vapor  of  the 
air  into  ^ew. 

1479.  Whjis  a  cloudy  night  warmer  than  a  fine  one? 

A.  Because  the  clouds  prevent  the  radia- 
tion of  heat  from  the  earth ;  in  consequence 
of  which,  the  surface  of  the  earth  remains 
warmer. 

1480<  Why  is  dew  most  abundant  in  situations  most 
exposed  ? 

A,  JBecause  the  radiation  of  heat  is  not  ar- 
rested by  houses,  trees,  hedges,  or  any  other 
thing. 

1481.  Why  is  there  scarcely  any  dew  under  trees  or 
shrubbery  ? 

A.  Ist.  Because  the  thick  foliage  of  trees 
or  shrubbery  arrests  the  radiation  of  heat 
from  the  earth ;  and, 

2d.  Foliage  radiates  some  of  its  own  heat 
toward  the  earth ;  in  consequence  of  which, 
the  ground  underneath  a  tree  or  bush  is  not 
sufficiently  cooled  down  to  chill  the  vapor  of 
the  air  into  dew. 

1482.  Bust  very  rarely  flies  by  night :  why  is  this  ? 
A.  1st,  Because  the  dews  of  night  moisten 

the  dust  and  prevent  its  rising  into  the  air ; 
and, 

2d,  As  the  surface  of  the  earth  is  colder 
than  the  air  after  sunset,  the  current  of  tho 
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wind  will  incline  downward,  and  tend  rather 
to  press  the  dust  down  than  to  buoy  it  up. 

llSSt  Why  is  there  no  dew  in  the  morning  after  a 
windy  night? 

A.  Ist.  Because  the  wind  evaporates  the 
moisture  as  fast  as  it  is  deposited ;  and, 

2d.  It  disturbs  the  radiation  of  heat,  and 
thus  diminishes  the  deposition  of  dew. 

1181.  Why  are  valleys  and  hollows  often  thickly  co- 
vered with  dew,  although  they  are  sheltered  ? 

A.  Because  the  surrounding  hills  prevent 
the  repose  of  air  from  being  disturbed,  but  do 
not  overhang  and  screen  the  valleys  suffi- 
ciently  to  arrest  their  radiation. 


A.  Because  some  things  radiate  heat  more 
freely  than  others,  and  therefore  become 
much  cooler  in  the  night. 

I496>  Why  are  things  which  radiate  heat  most  freely 
always  the  most  thickly  covered  with  dew  ? 

A.  Because  the  vapor  of  the  air  is  chilled 
into  dew  the  moment  it  comes  in  contact 
with  them. 

1487.  What  kind  of  things  radiate  heat  most  freely? 

A.  Grass,  wood,  and  the  leaves  of  plants 
radiate  heat  very  freely;  but  polished  metal, 
smooth  stones,  and  woollen  cloth  part  with 
their  heat  very  tardily. 
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A.  No :  rough,  woolly  leaves,  like  those  of 
a  hollyhock,  radiate  heat  much  more  freely 
than  the.  hard,  smooth,  polished  leaves  of  a 
common  laurel. 

11S9<  Show  the  wisdom  of  God  in  making  graas,  the 
leaves  of  treea,  and  all  vegetables,  excellent  radiators  of 

A.  As  vegetables  require  much  moisture, 
and  would  often  perish  without  a  plentiful 
deposit  of  dew,  He  wisely  made  them  to  ra- 
diate heat  freely,  so  as  to  chill  the  vapor 
which  touches  them  into  dew. 

1490.  Will  polished  metal,  smooth  stones,  and  wool- 
len  cloth  readily  collect  dew  ? 

A.  No :  while  grass  and  leaves  of  plants 
are  completely  drenched  with  dew,  a  piece 
of  polished  metal  or  woollen  cloth  lying  on 
the  same  spot  will  be  almost  dry. 

1191.  Why  would  polished  metal  aod  woollen  cloth 
be  dry  while  grass  and  leaves  are  drenched  with  dew  ? 

A.  Because  the  polished  me^l  and  wool- 
len cloth  part  with  their  heat  so  slowly  that 
the  vapor  of  the  air  is  not  chilled  into  dew 
as  it  passes  over  them. 

1492«  Why  is  a  gravel-walk  almost  dry  when  a  grass 
plat  is  covered  thickly  with  dew  ? 

A.  Because  grass  is  a  ji^ood  radiator,  and 
throws  off  its  heat  very  freely;  but  gravel  is 
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a  very  bad  radiator,  and  parts  with  its  hea; 
very  slowly. 

1493<  Is  that  the  reason  why  the  grass  ia  saturated 
with  dew  and  the  gravel  is  not? 

A.  Yes.  When  the  vapor  of  warm  air 
comes  in  contact  with  the  cold  grass,  it  is  in- 
stantly chilled  into  dew ;  but  it  is  not  so  freely 
condensed  as  it  passes  over  gravel,  because 
gravel  is  not  so  cold  as  the  grass. 

I494i  Why  does  dew  rarely  fall  upon  rocks  and  bar- 

A.  Because  rocks  and  barren  lands  are  f^o 
compact  and  hard  that  they  can  neither  absorb 
nor  radiate  much  heat;  and,  as  their  tempe- 
rature varies  but  slightly,  very  little  dew  dis- 
tils upon  them. 

I193i  Why  does  dew  fall  more  abuodautiy  on  culti- 
vated soils  than  on  barren  lands  ? 

A.  Because  cultivated  soils,  being  loose 
and  porous,  very  freely  radiate  by  night  the 
heat  which  they  absorbed  by  day;  in  conse- 
quence of  which,  they  are  much  cooled  down, 
and  plentifully  condense  the  "vapor  of  the  pass- 
ing air  into  dew. 

1496.  Show  the  wisdom  of  (rod  in  this  arrangement. 

A.  Every  plant  and  inch  of  land  which 
needs  the  moisture  of  dew  is  adapted  to  col- 
lect it;  but  not  a  single  drop  is  wasted  wbert; 
its  refreshing  moisture  is  not  required. 
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1  having  polished  metal  and 
heat. 

A.  If  polished  metal  collected  dew  as  easily 
as  grass,  it  could  never  be  kept  dry  and  free 
from  lust.  Again,  if  woollen  garments  col- 
lected dew  as  readily  as  the  leaves  of  trees, 
we  should  be  often  soaking  wet,  and  subject 
to  constant  colds. 

II98(  Show  how  tliis  affords  a  beautiful  illustration 
of  Gideon's  nnraclc,  recorded  ia  Judges  vi.  37,  38. 

A.  The  fleece  of  wool,  which  is  a  very  bad 
radiator  of  heat,  was  soaking  wet  with  dew 
when  the  grass,  which  is  a  most  excellent 
radiator,  was  quite  dry. 

149f)>  Was  this  not  contrary  to  the  laws  of  nature  ? 

A.  Tes,  and  it  was,  therefore,  a  plain  de- 
monstration of  the  power  of  God,  who  could 
thus  change  the  very  nature  of  things  at  his 
will. 

1509.  Why  do  our  clothes  feel  damp  after  walking  in 
a  fine  evening  in  spring  or  autumn  ? 

A.  Because  the  vapor  condensed  by  the 
cold  earth  rests  upon  them  like  dew. 

130l>  When  is  dew  most  copiously  distilled  ? 

A.  After  a  hot  day  in  summer  or  autumn, 
— especially  if  the  wind  blow  over  a  body  of 
water. 

I502i  Why  is  dew  distilled  most  copiously  after  a  hot 

A.   Because  the  surface  of  the  hot  earth 
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radiates  heat  very  freely  at  sunset,  and,  being 
made  much  colder  than  the  air,  chills  the 
passing  vapor  and  condenses  it  into  dew. 

I5d3i  Why  is  there  less  dew  when  the  wind  b!ow8 
across  the  land  than  when  it  blows  over  a  body  of  water  ? 

A.  Because  the  winds  which  blow  across 
the  land  are  dry  and  arid,  but  those  which 
cross  the  water  are  moist  and  full  of  vapor. 


A.  As  winds  which  blow  over  the  land 
are  very  dry,  they  imbibe  the  moisture  of 
the  air;  in  consequence  of  which,  there  is 
very  little  left  to  be  condensed  into  dew. 

150Si  How  does  the  moisture  of  the  wind  promote 
the  fall  of  dew  ? 

A.  As  winds  which  blow  over  water  are 
saturated  with  vapor,  they  require  very  little 
reduction  of  heat  txj  cause  a  copious  deposition 
of  dew.  ■ 

I506i  Does  not  a,ir  radiate  heat,  as  well  as  the  earth 
and  its  various  plants  ? 

A.  No:  the  air  never  radiates  heat;  nor 
is  the  air  made  hot  by  the  rays  of  the  sun. 

1507i  Why  will  dew-drops  roll  about  cahhage-planta, 
poppies,  &e.  without  wetting  the  surface  ? 

A.  Because  the  leaves  of  cabbages  and 
poppies  are  covered  with  a  very  fine  waxen 
powder,  over  which  the  dew-drop  rolls  with- 
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out  wetting  the  surface,  as  a  drop    of  rain 
would  over  dust. 

15(18.  Why  does  not  a  drop  of  rain  wet  :'.ie  dust  over 
which  it  rolls '! 

A.  Because  dust  has  no  affinity  [or  water, 
and  therefore  repels  it. 

I509t  Why  docs  not  the  dew-drop  wet  the  powder  of 
the  cabbage-plant? 

A,  Because  the  fine  powder  wVaoh  covers 
the  cabbage-leaves  has  no  affinity"  for  water, 
and  therefore  repels  it. 

1510.  Why  will  dew-drops  roil  over  a  rose,  &c,  with- 
out wetting  the  petals  ? 

A.  Because  the  leaves  of  a  rose  contain 
an  essential  oil,  which  has  no  airinity  for 
water,  and  thei'efore  repels  it. 

15I1>  Why  can  swans  and  ducts  dive  under  water 
without  being  wetted  ? 

A.  Because  their  feathers  are  covered  with 
an  oily  secretion,  which  has  no  affinity  for 
water,  and  therefore  repels  it. 

SEOTIOH  m.~EAIN,  SNOW,  HAIL. 

1512.  What  is  rain? 

A.  Bain  is  the  vapor  of  the  clouds  or  air, 
condensed  and  precipitated  to  the  earth. 

1513.  Does  rain-water  possess  any  fertilizing  properties 
besides  that  of  mere  moisture  ? 

A.  Yes  :  rain-water  contains  an  abundance 
of  carbonic  acid,  and  .a  small  fjuantitj-  of  am- 


,y  Google 


monia ;  to  which  much  of  its  fertilizing  powet 
nay  be  attributed. 

Ammonia  h  s   coiopoand    of  nitrogen    and   hydrogen,     fcmmon 

15I4>  In  what  part  of  the  world  does  rain  fall  most 
abundantly  ? 

A.  Near  the  equator ;  and  the  quantity  of 
riiu  decreases  as  we  approach  the  poles. 

r^  ehuuld  bo  observed  thaC  there  are  fener  rainy  daya,  although 
more  rain  actually  falls  during  (he  net  seuEon  of  the  equator  tha^ 
falla  in  tnelve  montha  at  any  other  part  of  the  globe. 

I5I5>  Why  does  rain  fall  in  drops  f 

A,  Because  the  vapory  particles  in  their 
"lescent  attract  each  other,  and  those  whiclj 
are  sufficiently  near  unite  and  form  into  drops. 

15I6i  Why  does  act  the  cold  of  night  always  causa 

A.  Because  the  air  is  not  always  neat 
saturation;  and,  unless  this  be  the  case,  it 
will  be  able  to  hold  its  vapor  in  solution  evea 
after  it  is  condensed  by  the  chilly  night, 

1517.   Why  does  a  passing  cloud  often  drop  rain  ? 

A.  Because  the  cloud,  blown  by  the  wind, 
encounters  a  current  of  cold  air,  which  con- 
denses its  vapor  and  causes  it  to  fall  to  the 
earth  in  rain. 

I5l8i  Why  are  rai  a -drops  sometimes  niuuh  larger  that, 
at  other  timas  ? 

A.  Because  the  rain-cloud  is  floating  nearer 
the  earth :  when  this  is  the  cjise,  the  drops 
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arc  large,  because  such  a  cloud  is  much  more 
dense  than  one  more  elevated. 

The  bIm  of  the  rain-drop  is  also  increased  accordiDg  lo  tlio  rapiilitj 
witti  wbieii  th«  vapors  ore  ciindenfled. 

15l9t  Does  not  wind  sometimes  increase  the  size  of 
raiu- drops  ? 

A.  Yes, — by  blowing  two  or  more  drops 
into  one, 

1S20>   Why  do  clouds  fall  in  rainy  weather?^ 

A.  1st.  Because  they  are  heavy  with  abun- 
dant vapor ;  and, 

2d.  The  density  of  the  air  being  diminished, 
it  is  less  able  to  buoy  the  clouds  up. 


A,  Because  the  mercury  of  a  barometer  falls. 

1522.  Why  is  roiii-wat«r  more  fertilizing  than  pump- 

A.  1st.  Because  it  contains  more  carbonic 
acid;  and, 

2d.  It  contains  also  a  small  quantity  of 
ammonia,  with  which  it  supplies  the  young 
plants, 

1523.  Why  does  rain  purify  the  air  ? 

A.  Ist.  Because  it  beats  down  the  noxious 
exhalations  collected  in  the  air,  and  dissolves 
them ; 

2d.  It  mixes  the  air  of  the  upper  regions 
with  that  of  the  lower  regions;  and, 

3d,  It  washes  the  earth,  and  sets  in  motion 
the  stagnant  contents  of  sewers  and  ditches. 
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I5iit  Why  are  mountainous  countries  more  rainy 
tnan  flat  ones  ? 

A.  Because  the  air,  striking  against  the 
sides  of  the  mountains,  is  carried  up  the  in- 
clined plane,  and  brought  in  contact  with  the 
cold  air  of  the  higher  regions ;  in  consequence 
of  which,  its  vapor  is  condensed  and  depo- 
sited in  rain. 

I525>  Why  does  a  sponge  swell  wlien  it  is  wetted  ? 

A.  Because  the  water  penetrates  the  porea 
of  the  sponge  by  capillary  attraction,  and 
drives  the  particles  farther  from  each  other ; 
in  consequence  of  which,  the  bulk  of  the 
sponge  is  greatly  increased. 

1326>  Why  do  violin-strings  snap  in  wet  weather? 

A.  Because  the  moisture  of  the  air,  pene- 
trating the  string,  causes  it  to  swell,  and  as 
the  cord  thickens,  its  tension  is  increased,  and 
the  string  snaps. 

I527»  Why  does  paper  puelter  when  it  is  dampened? 

A.  Because  the  moisture,  penetrating  the 
paper,  drives  its  particles  farther  apart ;  and, 
as  the  moisture  is  absorbed  unequally  by  the 
paper,  some  parts  are  more  enlarged  than 
others ;  in  consequence  of  which,  the  paper 
blisters  or  puckers. 

1528t  In  which  part  of  the  day  does  the  most  rain  fall  1 

A.  More  rain  falls  by  night  than  by  day; 
because  the  cold  night  condenses  the  air  and 
diminishes  its  capacity  for  holding  vapor  in 
solution. 
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I529t  What  beneficial  effect  has  rain  upon  fallen 
le:ives? 

A.  It  hastens  the  putrefaction  of  the  fallen 
leaves  ;  and  this  makes  the  earth  fertile. 

1530.  Why  do  swallows  lly  low  when  rain  is  at  hand  ? 

A,  Because  the  insects  of  which  they  are 
in  pursuit  have  fled  from  the  cold,  upper  re- 
gions of  the  air  to  the  warm  air  near  the 
earth ;  and,  as  their  food  is  low,  tiie  swallows 
fly  low. 

1331>  Why  do  these  insects  seek  the  lower  regions 
of  the  air  in  wet  weather  more  than  in  fine  weather  ? 

A,  Because  in  wet  weather  the  upper  re- 
gions of  the  air  are  colder  than'  the  lower; 
and,  as  insects  enjoy  warmth,  they  seek  it 
near  the  earth. 

A.  Because  they  live  upon  the  fishes  which 
are  found  near  the  surface  of  the  sea  in  fine 
weather. 

ISSSi  Why  may  we  expect  stormy  rains  when  aea^ 
gulls  assemble  on  the  land  ? 

A.  Because  the  fishes  on  which  they  live 
leave  the  surface  ot  the  sea  in  stormy  weather, 
and  are  beyond  the  reach  of  the  searguUs ;  in 
consequence  of  which,  they  are  obliged  to 
feed  on  the  worms  and  larvae  which  are  driven 
out  of  the  ground  at  such  times. 

"IjirviB,"  litHe  grubs  r»nd  cat erpiU lira. 
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1531.  Why  do  petrels  ilj  to  tho  sea  during  a 
Btorm? 

A.  Because  they  live  upon  seMnsecta, 
which  are  always  to  be  found  in  abundance 
about  the  spray  of  sweUing  waves. 

Petrels  are  birds  of  the  dnck-bind,  wLluh  live  ii   tho    open   ae*. 


1585.  What  is  snow? 

A.  The  condensed  vapor  of  the  air  frozen 
and  precipitated  to  the  earth. 

1536.  What  is  the  cause  of  snow  ? 

A.  When  the  air  is  nearly  saturated  with 
vapor,  and  condensed  by  a  current  of  air 
below  the  freezing-point,  some  of  the  vapor 
is  condensed,  and  frozen  into  snow. 

A  few  joars  s;n,  eomp  fishurmen  who  wiiitored  ot  Nora  ZomhU, 
slUr  they  had  baon  shut  up  in  n  hut  for  several  days,  opened  (h» 
window,  and  Iho  told  exlernal  air,  rushing  in,  inetantlj  condensed 
tho  air  of  the  hut,  and   Its  vapor  foil   on  the  floor  in  a,  shower  of 

1537.  Why  does  snow  fall  in  winter-time? 

A.  Because  the  sun's  rays  are  too  oblique 
to  heat  the  surface  of  the  earth ;  and,  as  the 
earth  has  no  heat  to  radiate  into  the  air,  the 
air  is  very  cold. 

1538.  What  is  the  cause  of  sleet? 

A.  When  flakes  of  snow  in  their  descent 
pass  through  a  stratum  of  air  above  *,he 
freezing-point,  they  partially  melt,  and  fall 
to  the  earth  as  half-melted  enow,  or  sleet. 

1539.  What  is  tlio  use  ol"  snow  ? 
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A.  To  keep  the  earth  warm,  and  to 
nourish  it. 

1540>  Does  snow  keep  the  earth  warm? 

A.  Yes, — because  it  is  a  very  bad  conduc- 
tor of  heat ;  in  consequence  of  which,  when 
the  earth  is  covered  with  snow,  its  temperature 
very  lurelj  descends  below  the  freezing-point, 
even  when  the  air  is  fifteen  or  twenty  de- 
grees colder. 

1541.  Why  is  snow  a  bad  conductor  of  heat  nnd 
cold? 

A.  Because  air  is  confined  among  the  crys- 
tals ;  and  air  is  a  vary  bad  conductor :  when, 
therefore,  the  eartli  is  covered  with  snow,  it 
cannot  throw  off  its  heat  by  radiation. 

1542.  Tell  mo  the  words  of  the  PBalmist  (cxlvu.  IG) 
respecting  snow,  and  explain  what  he  means. 

A.  The  Psalmist  says,  "  The  Lord  giveth 
snow  like  wool ;"  and  he  means,  not  only  that 
snow  is  as  white  as  wool,  but  that  it  is  also  as 
warm  as  wool. 

1543.  Why  is  wool  warm? 

A.  Because  air  is  among  the  fibres  of  the 
wool;  and  air  is  a  very  bad  conductor  of 
heat. 

1544.  Why  does  snow  nourish  the  earth? 

A.  Because  it  supplies  moisture  containing 
carbonic  acid,  which  penetratt-s  slowly  into 
the  soil  and  insinuates  itself  through  every 
clod,  ridge,  and  furrow. 
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1545.   Why  is  tliere  no  snow  in  summer-tinfe  f 

A.  Because  the  heat  of  the  earth  melts  it 
in  its  descent,  and  prevents  it  from  reaching 
•the  surface  of  the  earth, 

1546i  Wliy  are  some  mountains  always  coTered  with 
Bnow? 

A.  1st.  Because  the  air  on  a  high  mountain 
is  more  rarefied ;  and  rarefied  air  retains  much 
heat  in  a  latent  state ;  and, 

2d,  Mountain-tops  are  not  surrounded  by 
earth,  to  radiate  heat  into  the  air ;  and  there- 
fore the  snow  is  not  melted  in  its  descent,  but 
falls  on  the  mountain  and  lies  there. 

1547.  Why  is  snow  white? 

A.  Because  it  is  formed  of  an  infinite 
number  of  very  minute  crystals  and  prisms, 
which  reflect  all  the  colors  of  the  rays  of 
light  from  different  points ;  and  these  colors, 
uniting  before  they  meet  the  eye,  cause  snow 
to  appear  white. 

Tha  same  answer  applies  tu  salt,  loaf-sugar,  Ac, 

1548.  What  is  hail? 

A.  Rain  which  has  passed  in  its  descent 
through  some  cold  stratum  of  air  and  has 
been  frozen  into  drops  of  ice. 

1549.  What  makes  one  stratum  of  air  colder  than 

A.  It  is  frequently  caused  by  electricity)' 
unequally  distributed  in  the  air. 
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1556>*  Why  is  haii  frequotitly  aecompaDied  Ijy 
thunder  arid  lightning? 

A.  let.  Because  the  congelation  of  water 
into  hail  disturbs  the  electricity  of  the  air ; 
and, 

2d.  The  friction  produced  by  the  fall  of 
hail  excites  it  still  more. 

155I>  Why  docs  hail  fall  generally  in  summer  and 
autumn  ? 

A.  1st.  Because  the  air  is  more  highly 
electrified  in  summer  and  autumn  than  in 
winter  and  spring ;  and, 

2d.  The  vapors  in  summer  and  autumn, 
being  rarefied,  ascend  to  more  elevated  re- 
gions, which  are  colder  than  those  nearer  the 
earth. 

1552.  What  things  are  essential  to  cause  hail? 

A.  Two  strata  of  clouds  having  opposite 
electricities,  and  two  currents  of  wind.  The 
lower  cloud,  being  negative,  is  the  one  pre- 
cipitated in  hail. 

1553i  When  is  the  vapor  of  tlie  air  or  clouds  pre- 
cipitated in  hail,  rain,  or  anew? 

A.  When  the  air  is  saturated  with  vapor 
and  a  cold  current  condenses  it:  it  i-^  then 
no  longer  able  to  hold  all  its  vapor  in  solu- 
tion, and  some  of  it  falls  as  rail 
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1554.  Whu  is  the  cause  of  mist  ? 

A.  Currents  of  air  from  the  water  coming 
in  contact  mth  colder  land-currents. 

1553>  Why  are  the  currents  of  air  from  the  land 
colder  than  those  blowing  over  water '( 

A.  Because  the  earth  radiates  heat  after 
sunset  more  freely  than  water ;  consequently, 
the  air  which  comes  in  contact  with  the  land 
is  colder  than  that  which  comes  in  contact 
with  the  water. 

1556i  Why  are  windows  often  covered  with  thick 
mist,  and  the  frames  wet  witJi  standing  water? 

A.  Because  the  temperature  of  the  ex- 
ternal air  usually  falls  at  sunset,  and  chills 
the  mndow-glass  with  which  it  comes  in 
contact. 

I557>  How  does  this  account  for  the  mist  and  watar 
on  a  wiudow  ? 

A.  As  the  warm  vapor  of  the  room  touches 
the  cold  glass,  it  is  chilled  and  condensed  into 
mist,  and  the  mist,  collecting  into  drops,  rolls 
down  the  window-frame  in  little  streams  of 
water. 

I558>  Does  the  glass  of  a  window  cool  down  more 
rapidly  than  the  air  of  the  room  itself? 

A.  Yes ;  hecause  the  air  is  kept  warm  by 
fires,  and  by  the  animal  heat  of  the  people 
in  the  room ;  in  consequence  of  which,  the 
air  of  a  room  suffers  very  little  diminution 
of  heat  from  the  setting  of  the  sun. 
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i559>  Whence  arises  the  vapor  of  a  room  ? 

A.  1st.  The  very  air  of  the  room  contains 
vapor ; 

2d.  The  breath  and  insensible  perspiration 
of  the  inmates  increase  this  vapor ;  and, 

3d.  The  steam  of  food  increases  it  still 
more, 

1360>  What  is  meant  by  "  the  insensible  perspiration"  ? 

A.  Prom  every  part  of  the  human  body  an 
insensible  and  invisible  perspiration  issues  all 
night  and  day,  not  only  in  the  hot  weather 
of  summer,  but  also  in  the  coldest  day  of 
winter. 

I561>  If  tte  perspiration  be  both  insensible  and  in- 
visible, bow  is  it  known  that  there  is  any  such  perspira- 

A.  If  you  put  3'our  naked  arm  into  a  clean, 
dry  glass  tube,  the  perspiration  will  condense 
on  the  glass  like  mist. 

1562.  Why  are  carriage-windows  very  soon  covered 
with  thick  mist  1 

A.  Because  the  warm  vapor  of  the  carriage 
is  condensed  by  the  cold  glass,  and  covers  it 
with  a  thick  mist. 

1563>  Why  is  the  glass  window  cold  enough  to  con- 
dense the  vapor  of  the  carriage  ? 

A.  Because  the  inside  of  a  carriage  is  much 
warmer  than  the  outside ;  and  the  glass 
window  is  made  cold  by  contact  with  the 
external  air. 
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I564>  Where  does  the  warm  vapor  of  the 

A.  The  wann  breath  and  insensible  per- 
fipiration  of  the  persons  riding  load  the  air 

of  the  carriage  with  warm  vapor. 


A.  The  breath  and  insensible  perspiration 
of  the  sleeper,  coming  in  contact  with  the 
ice-cold  window,  are  frozen  by  the  cold  glass, 
and  form  those  beautiful  appearances  seen  in 
our  bedrooms  or  a  winter  morning. 

I566>  Why  is  the  glass  of  a  window  colder  than  the 
wdls  of  a  room  ? 

A.  Because  glass  is  so  excellent  a  radiator 
that  it  parts  with  its  heat  more  rapidly  than 
the  walls  do: 

I567i  Why  is  a  tamhler  of  cold  water  made  quite 
dull  with  luist  when  brought  into  a  room  full  of  people  ? 

A.  Because  the  hot  vapor  of  the  room  is 
condensed  upon  the  cold  tumbler,  with  which 
it  comes  in  contact,  and  its  invisible  and  gase- 
nus  form  is  changed  into  that  of  a  thick  mist. 

Id68>  Why  is  a  glaas  made  quite  dull  by  laying  a 
^ot  hand  upon  it  ? 

A.  Because  the  insensible  perspiration  of 
the  hot  hand  is  condensed  upon  the  cold 
glass,  and  made  perceptible. 

1569(  Why  does  this  misty  appearance  go  off,  aft«r  a 
Gttle  time  ? 

A.  Because  the  glass  becomes  of  the  same 
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temperature  as  the  iAi  of  the  room,  an  (  will 

jio  longer  chill  the  vapor  which  toueties  it, 
and  condense  it  into  mist. 

1576.  Why  does  briathinir  on  a  ttlass  make  it  quits 
dull  ? 

A.  Because  the  hot  breath  is  condensed 
by  the  cold  glass,  and  therefore  covers  it  wiih 


1571.  Why  are  the  walls  of  a  house  often  damp  in  a 
audden  thaw? 

A.  Because  the  walls,  being  thick,  cannot 
change  their  temperature  so  fast  as  the  air ; 
in  consequence  of  which,  they  retain  their 
coldness  after  the  thaw  has  set  in. 

1572.  How  docs  "  retaining  their  coldness"  account 
for  their  being  so  damp  ? 

A.  As  the  vapor  of  the  warm  air  touches 
the  cold  walls,  it  is  chilled  and  condensed 
into  water,  which  either  adheres  to  the  walls 
or  trickles  down  in  little  streams. 

1573.  Why  are  halusters,  &e.  damp  after  a  thair? 
A,  Because  they  are  made  of  some  very 

close-grained  varnished  wood,  which  cannot 
change  its  temperature  so  fast  as  the  air, 

1574.  How  does  this  account  for  the  balusters  being 
damp  ? 

A.  The  vapor  of  the  warm  air,  coming  in 
contact  with  the  cold  balusters,  is  chilled  and 
condensed  into  water  upon  them. 
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1575t  Why  is  our  breath  visible  in  winter  and  not  in 
Bummer  ? 

A.  Because  the  intense  cold  condenses  our 
breath  into  visible  vapor;  but  in  summer  the 
air  is  not  cold  enough  to  do  so. 

157ft.  Why  are  our  hair  and  the  brim  of  our  hat 
aften  covered  with  little  drops  of  pearly  dew  in  winter- 

A.  Because  our  breath  is  condensed  as 
soon  as  it  comes  in  contact  with  our  cold  hair 
or  hat,  and  hangs  there  in  little  dew-drops. 

1577.  What  is  fog? 

A.  Fog  is  only  very  thick  mist, 

1578.  What  is  the  cause  of  fuf  ? 

A.  If  the  night  has  been  very  calm,  the 
.radiation  of  heat  from  the  esirth  has  been 
very  abundant ;  in  consequence  of  which,  the 
air  resting  on  the  earth  has  been  chilled^ 
and  its  vapor  condensed  into  a  thick  mist. 

1579.  Why  does  not  the  mist  become  dew  ? 

A.  Because  the  chill  of  the  air  is  so  rapid 
that  vapor  is  condensed  faster  than  it  can  be 
deposited,  and,  covering  the  earth  in  a  mist, 
prevents  any  further  radiation  of  heat  from 
the  earth. 

1580.  When  the  earth  can  no  longer  radiate  heat 
upwards,  does  it  continue  to  condense  the  vapor  of  the 
air? 

A.  No :  the  air  in  contact  with  the  earth 
becomes  about  equal  in  temperature  with  the 
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surface  of  the  earth  itself;  for  which  reaeon 
the  mist  is  not  condensed  into  dew,  but  re- 
mains floating  above  the  earth  as  a  thick 
cloud. 

15$i>  This  mist  seems  to  rise  higher  and  higher,  and 
yet  remains  quite  as  dense  helov/  as  at  first.  Explain 
this.  ' 

A.  The  air  resting  on  the  earth  is  first 
chilled,  and  chills  the  air  resting  on  it ;  the 
air  which  touches  this  new  layer  of  mist  be- 
ing also  condensed,  laj'er  is  added  to  layer ; 
and  thus  the  mist  seems  to  be  rising,  when 
in  fact  it  is  only  deepening. 

i582i  Why  do  mist  and  dew  vanish  as  the  sun  rises  f 

A,  Because  the  air  becomes  warmer  at 
sunrise,  and  absorbs  the  vapor. 

158S.  What  is  the  cause  of  a  London  fog? 

A.  These  fogs  (which  occur  generally  in 
the  winter-time)  are  occasioned  thus  : — Some 
current  of  air,  being   suddenly   cooled,  de- 

Pcends  into  the  warm  streets,  forcing  back 
the  smoke  in  a  mass  towards  the  earth. 

1584t  Why  are  there  not  fogs  every  eight  ? 

A.  Because  the  air  will  always  hold  in 
solution  a  certain  quantity  of  vapor,  (which 
varies  according  to  its  temperature ;)  and 
when  the  air  is  not  saturated,  it  may  bo 
cooled  without  parting  with  its  vapor. 
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1585.  When  do  foga  occur  at  night  ? 

A,  When  the  air  is  saturated  with  vajwr 
during  the  day.  When  this  is  the  case,  it 
deposits  some  of  its  superabundant  moisture 
in  the  form  of  dew  or  fog  as  soon  &&  its 
capacity  for  lioldtng  vapor  is  lessened  by  the 
cold  night. 

I5S$i  Why  is  there  very  often  a  fog  over  marshes 
and  rivers  at  night-time? 

A,  Because  the  air  of  marshes  is  almost 
always  near  saturation ;  and  therefore  the 
least  depression  of  temperature  will  compel 
it  to  relinquish  some  of  its  moisture  in  the 
form  of  dew  or  fog. 

1587>  Why  does  vapor  eometimea  form  into  clouds, 
nod  sometimes  rest  upon  the  earth  as  mist  or  fog  ? 

A.  This  depends  on  the  temperature  of 
the  air.  When  the  surface  of  the  earth  is 
warmer  than  the  air,  the  vapor  of  the  earth, 
being  condensed  by  the  chill  air,  becomes 
mist  or  fog;  but  when  the  air  is  wanner 
than  the  earth,  the  vapor  rises  through  the 
air,  and  becomes  cloud. 

1588.  Why  do  hills,  &c.  appear  larger  in  a  fog  ? 

A,  Because  the  air  is  laden  with  vapor, 
which  causes  the  rays  of  hght  to  diverge 
more;  in  consequence  of  which,  they  produce 
on  the  eye  larger  images  of  objects. 

1589.  AVhy  do  trees,  &c.  in  a  fog  appear  farther  off 
Ihan  they  really  are  ? 

A.  Because  the  fog  or  mist  diminishes  the 
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light  reflected  from  the  object;  and  as  the 
object  becomes  more  dim,  it  seems  to  be 
farther  off. 

Df.  KaQB,  the  great  Arclio  Davigalop,  sajs,  "The  effects  of  fogi 

■rB  magnifled  to  giants,  and  brigs  'loom  up,'  as  the  sailors  term  it, 
ialfl  Bhips  of  the  line." 

IdSOi  If  cold  air  produces  fog,  why  is  it  not  fo^y 
ou  a  frosty  morning  ? 

A.  1st.  Because  less  vapor  is  formed  on  a 
frosty  day  ;  and, 

2d.  The  vapor  is  frozen  upon  the  ground 
before  it  can  rise  from  the  earth,  and  be- 
comes hoar-frost. 

159!t  Why  are  foga  more  general  in  autumn  than  in 
spring  ? 

A.  The  earth  in  spring  is  not  so  hot  as  it 
is  in  autumn ;  in  consequence  of  which,  its 
vapor  is  not  chilled  into  fog  as  it  issues  into 
the  air. 


1592,  Why  are  f^  more  common  in  valleys  than  on 
hills  ? 

A.  Ist.  Because  valleys  contain  more  moists 
ure  than  hills ;  and, 

2d.  They  are  not  exposed  to  sufficient 
wind  to  dissipate  the  vapor, 

1593>  How  does  wind  dissipate  fogs  ? 

A.  Either  by  blowing  them  away,  or  by 
dissolving  them  into  vapor  again. 

1594.  What  is  hoar-frost  ? 

A.    There    are    two    sorts   of    hoar-frost : 

1.  Frozen  dew;  and,  2.  Frozen  fog. 
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1595>  What  is  the  cause  of  the  ground  hoar-frost,  oi 
fronen  dew  ? 

A.  Very  rapid  radiation  of  heat  from  the 
earth ;  in  consequence  of  which,  the  surface 
is  so  cooled  down  that  it  freezes  the  dew  con- 
densed upon  it, 

I596>  Why  is  hoar-frost  seen  only  afl:«r  a  very  cleai 

A.  Because  the  earth  will  not  have  thrown 
off  heat  enough  hy  radiation  to  freeze  the 
vapor  condensed  upon  its  surface  unless  the 
night  was  very  clear, 

1597a  What  is  the  cause  of  that  hoar-frost  which 
arbes  from  frozen  fog  ? 

A.  The  thick  fog  which  invested  the  earth 
during  the  night,  heing  condensed  by  the  cold 
/rost  of  early  morning,  is  congealed  upon 
every  object  with  which  it  comes  in  contact. 

159Si  Why  does  hoar-frost  very  often  cover  the 
ground  and  trees,  when  tlie  water  of  rivers  is  not  frozen  ? 

A.  Because  it  is  not  the  effect  of  cold  in 
the  air,  but  cold  on  the  surface  of  the  earth 
(produced  by  cxcessi^'e  radiation)  which 
freezes  the  dew  condensed  upon  it, 

1599i  Why  is  the  hoar-frost  upon  grass  and  vege- 
tables much  thicker  than  that  upon  lofly  trees? 

A.  Because  the  air  resting  on  the  surface 
of  the  ground  is  much  colder  after  sunset 
than  the  air  higher  up;  in  consequence  of 
which,  more  vapor  is  condensed  and  frozen 
^here. 
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1600.  What  is  freezing? 

A.  The  solidification  of  fluid  bodies  by  the 
abstraction  of  the  heat  necessary  to  their 
fluid  fonn. 

1601.  What  is  ice? 

A.  Frozen  water.  When  water  is  reduced 
to  thirty-two  degrees  of  heat,  it  will  no  longer 
remain  in  a  fluid  state, 

1602.  Why  is  solid  ice  lighter  than  water? 

A.  Because  water  expands  by  freezing,  and, 
as  the  bulk  is  increased,  the  gravity  must 
be  less. 

1603.  WhcD  docs  water  begin  to  espand  from  cold  ? 

A.  When  it  is  reduced  to  thirty-eight  de- 
grees and  eight-tenths.  Water  is  wisely  or- 
dained by  God  to  be  an  exception  to  a  very 
general  rule ;  it  contracts  till  it  is  reduced 
to  thirty-eight  degrees  and  eight-tenths,  and 
then  it  expands  till  it  freezes. 

1601.  Why  docs  water  expand  wheo  it  freezes  ? 

A.  Because  it  is  converted  into  solid  crys- 
tals which  do  not  fit  so  closely  as  particles 
of  water  do. 

1605.  Why  do  wat«r-pipes  frequently  burst  in  frosty 
weather  ? 

A.  Because  the  water  in  them  freezes,  and, 
expanding  by  frost,  bursts  the  pipes  to  make 
room  for  its  increased  volume. 
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I$06i  Does  not  water  expand  by  heat  as  weli  as  bj 
cold? 

A.  Yes :  it  expands  as  soon  as  it  is  more 
tlian  thirty-eight  degrees  and  eight^tenths, 
till  it  boila ;  after  which  time  it  flies  off  in 
steam. 

I607i  Why  does  not  water  when  freezing  expand 
upwards,  Uke  boiling  water,  and  run  over  ? 

A.  Because  tlie  surface  is  frozen  first, 
which  prevents  tlie  overflowing  of  the  water. 

1601^1  Why  do  tiles,  stones,  and  rocks  often  split  ia 
winter  ? 

A.  Because  the  moisture  in  them  freezes, 
and,  expanding  by  frost,  splits  tlie  solid  mass. 

1609i  In  winter-time,  foot-marks  and  wheel-ruta  are 
often  covered  with  an  fey  net-work,  through  the  iuter- 
stiees  of  which  tho  soil  ia  clearly  seen :  why  does  the 
water  freeze  in  net-wort  ? 

A.  Because  it  freezes  first  at  the  sides  of 
the  foot-prints ;  other  crystals  gradually  shoot 
across,  and  would  cover  the  whole  surface,  if 
the  earth  did  not  absorb  the  water  before  it 
had  time  to  freeze. 

16IOi  In  winter-time,  these  foot-marks  and  wheel- 
nita  are  sometimes  covered  with  a  perfect  sheet  of  ice, 
and  not  an  icy  net-work i  why  ia  this? 

A.  Because  the  air  is  colder  and  the  earth 
harder  than  in  the  former  ease ;  in  conse- 
quence of  which,  the  entire  surface  of  the 
foot-print  is  frozen  over  before  the  earth  haa 
had  time  to  absorb  tb*!  water. 
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1611>  Why  13  not  the  ic!  solid  in  these  ruts  ?  i 
there  only  a  very  thin  film  or  net-work  oJ 

A.  Because  the  earth  absorbs  most  of  the 
Water,  and  leaves  only  the  icy  film  behind. 
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1612a  Why  is  the  bottom  of  a  river  seldom  frozen  ? 

A.  Because  water  ascends  to  the  surface 
as  soon  as  it  becomes  colder  than  forty-t'wo 
degrees,  and,  if  it  freezes,  floats  there  till  it  ia 
melted. 

ISlSi  Show  the  wisdom  of  God  in  t'iis  wontlei-ful 
exception  to  a  general  kw. 

A.  If  ice  were  heavier  than  water,  it  would 
sink ;  and  a  river  would  soon  become  a  solid 
block  of  ice. 


IIU.  Why  docs  not  the  ice  ou  the  surfi.ce  cf  a  river 
chill  the  water  beneath  and  make  it  freeze  ? 

A.  1st.  Because  water  is  a  very  bad  con- 
ductor, and  is  heated  or  chilled  by  convection 
only ; 

2d.  If  the  ice  on  the  surface  were  to  com 
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ftiunicate  its  coldness  to  the  water  beneath, 
the  water  beneath  would  communicate  its 
heat  to  the  ice,  and  the  ice  would  instantly 
melt ;  and, 

3d,  The  ice  on  the  surface  acts  as  a  shield, 
to  prevent  the  cold  air  from  penetrating 
through  the  river,  to  freeze  the  water  below 
the  surface. 

1615)  ^Vhy  does  water  freeze  at  the  surface  first  ? 

A.  Because  the  surface  is  in  contact  with 
the  air,  and  the  air  carries  away  its  heat. 

16I6<  Why  does  the  coat  of  ice  grow  thicker  and 
thicker  if  the  frrat  continues  ? 

A-  Because  the  heat  of  the  water  imme- 
diately below  the  frozen  surface  passes  through 
the  pores  of  the  ice  into  the  cold  air. 

1817.  Why  are  not  whole  rivers  frozen,  laytr  by  layer, 
till  they  become  solid  ice  ? 

A.  Because  water  is  so  slow  a  conductor 
that  our  frosts  never  continue  long  enough 
to  convert  a  whole  river  into  a  solid  mass  of 
ice. 

1618.  Why  does  not  running  water  freeze  so  fast  as 
atil!  water  ? 

A.  1st.  Because  the  motion  of  tlie  current 
disturbs  the  crystals,  and  prevents  their  form- 
ing into  a  continuous  surface ;  and, 

2d.  The  heat  of  the  under  surface  is  com- 
municated to  the  upper  surface  by  the  roiliiii; 
of  the  water. 
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Ifil9.  When  runoiDg  water  is  frozen,  wliy  is  the  ico 
generally  ¥ery  rough? 

A.  Because  little  flakes  of  ice  are  first 
formed  and  carried  down  the  stream,  till  they 
meet  some  obstacle  to  stop  them;  other  flakes 
of  ice,  impinging  against  them,  are  arrested 
in  like  manner ;  and  the  edges  of  the  differ- 
ent flakes,  overlapping  each  other,  make  the 
surface  rough. 

1620.  Why  do  some  parts  of  a  river  freeze  less  thap 
others  ? 

A.  Because  springs  issue  from  the  bottom, 
and,  as  they  bubble  upward,  thaw  the  ice,  or 
make  it  thin. 

1621(  When  persons  fall  into  a  river  in  winter-timo, 
why  does  the  water  feel  remarkably  wami'' 

A.  Because  the  frosty  air  is  at  least  ten  or 
twelve  degrees  colder  than  the  water  is. 

The  tampernturo  nf  the  water  liclow  the  Eurface  is  at  least  SS" ;  but 
thiit  ur  tbe  alt  la  12°,  or  even  less. 

1632>  Why  is  shallow  water  frozen  more  quiekly 
than  deep  water? 

A.  Because  the  whole  volume  of  water 
must  be  cooled  to  thirty-eight  degrees  before 
the  surface  can  be  frozen;  and  it  takes  a 
longer  time  to  cool  down  a  deep  bed  of  water 
than  a  shallow  one. 

1623i  Why  is  sea-water  rarely  frozen  ? 

A.  1st.  Because  the  mass  of  water  is  so 
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great  that  it  requires  a  very  long  time  to 
cool  the  whole  volume  down  to  38° ; 

2d.  The  ebb  and  flow  of  the  sea  interfere 
with  the  cooling  influence  of  the  air ;  and, 

3d.  Salt  water  never  freezes  till  the  surface 
is  cooled  down  twenty-five  degrees  below  tlie 
freezing-point. 

1624.  Why  do  some  lakes  rarely,  if  ever,  freeze? 

A.  1st.  Because  they  are  very  deep;  and, 

2d.  Because  their  water  is  supplied  by 
springs  which  bubble  from  the  bottom. 

I(t25i  Why  does  the  depth  of  water  retard  its  freez- 
ing? 

A.  Because  the  temperature  of  the  whole 
volume  of  water  must  be  reduced  to  38°  be- 
fore the  surface  will  freeze ;  and  the  deeper 
the  water  the  longer  will  it  be  before  the 
whole  volume  is  thus  reduced. 

I636i  Why  do  springs  at  the  bottom  of  a  lake  pre- 
vent its  freezing? 

A.  Because  they  are  continually  sending 
forth  fresh  water,  which  prevents  the  lake 
from  being  reduced  to  the  necessary  degree 
of  coldness. 

1637i  It  is  colder  in  a  thaw  than  in  a  frost.  Explain 
the  reaaon  of  this. 

A.  When  frozen  water  is  thawed,  it  absorbs 
heat  from  the  air,  &c.  to  melt  the  ice;  in 
consequence  of  which,  the  heat  of  the  air  is 
greatly  reduced. 
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in  a  frost  tiian  in  a  thaw.     Ek- 
pJain  the  reason  of  this. 

A.  When  water  freezeSj  it  gives  out  latent 
heat,  in  order  that  it  may  be  converted  into 
solid  ice ;  and,  as  much  heat  is  Kberated  from 
the  water  to  the  atmosphere,  the  air  feels 
warmer. 

1629i  Salt  dissolves  ice.     Explain  the  reason  of  this. 

A.  "Water  freezes  at  32°,  but  salt  and 
water  will  not  freeze  till  the  air  is  twenty, 
five  degrees  colder :  if,  therefore,  salt  he 
added  to  frozen  water,  it  dissolves  it. 

16S0<  Why  does  pure  water  freeze  more  "Quickly  than 
milk? 

A.  Because  milk  contains  certain  salts  in 
solution ;  in  consequence  of  which,  it  requires 
a  greater  degree  of  cold  to  congeal  it  than 
water. 


16Sli  Will  any  thing  dissolve  ice  except  salt? 
A.  Yes;  any  acid  will,  such  as  sulphuric 
acid,  nitric  acid,  &;c. 

1633>  Why  ia  a  mixture  of  salt  and  snow  colder  than 

A.  Because  salt  dissolves  the  crj'stals  of 
snow  into  a  fluid ;  and  whenever  a  solid  is 
converted  into  a  fluid,  heat  is  absorbed,  and 
the  cold  made  more  intense. 

1633.  Why  does  frost  make  the  earth  crack  ? 

A.    Because   the   water   absorbed    by  the 
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earth  in  warm  weather,  expanding  by  the 
frost,  thrusts  the  particles  of  earth  apart 
from  each  other,  and  leaves  a  chink  or  crack 
between. 

1634)  Show  the  wisdom  of  God  in  this  arrangement 

A.  These  cracks  in  the  earth  let  in  air, 
dew,  rain,  and  many  gases  favorable  to  vege- 
tation. 

1635i  Why  does  the  earth  crumble  in  spring? 

A.  Because  the  ice  of  the  clods  dissolves ; 
and  the  particles  of  earth  which  had  been 
thrust  apart  by  the  frost,  being  left  unsup- 
ported, tumble  into  minute  parts,  because 
their  cement  of  ice  is  dissolved. 

1636>  Why  does  mortar  crumble  away  in  frost? 

A.  Because  it  was  not  dried  in  the  warm 
weather :  therefore  its  moisture  freezes,  ex- 
pands, and  thrusts  the  particles  of  the  mortar 
away  from  each  other;  but  as  soon  as  the 
frost  goes  the  water  condenses,  and  leaves 
the  mortar  full  of  cracks  and  chinks. 

I637<  Why  does  stucco  peel  from  a  wall  in  frosty 
weatlier  ? 

A.  Because  the  stucco  was  not  dried  in  the 
warm  weather :  therefore  its  moisture  freezes, 
expands,  and  thrusts  its  particles  away  from 
the  wall;  but  as  soon  as  the  water  condenses 
again  by  the  thaw,  the  stucco,  being  unsup- 
ported, falls  by  its  own  weigltt. 
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1638.  Why  cannot  bricklayers  and  plasterers  wi)rk 
in  frosty  weather  ? 

A.  Because  frost  expands  mortar,  and 
causes  the  bricks  and  plaster  to  start  from 
their  position. 

163fti  Why  do  bricklayers  cover  their  work  with  straw 
in  spring  and  autumn  ? 

A.  Because  straw  is  a  non-conductor,  and 
prevents  tlie  mortar  of  their  new  work  from 
freezing  during  the  cold  nights  of  spring  and 
autumn. 

1640i  Why  are  water-pipes  often  covered  with  straw 
iu  winter-time  ? 

A.  Because  straw,  being  a  non-conductor 
prevents  the  water  of  the  pipes  from  freezing, 
and  the  pipes  from  bursting. 

16JI<  Can  water  be  frozen  iu  any  way  except  by 
frosty  weather? 

A.  Yes ;  in  many  ways.  For  example,  a 
bottle  of  water  wrapped  in  cotton  and  fre- 
quently wetted  with  ether  will  soon  freeze, 

1642a  Why  would  water  freeze  if  the  bottle  were 
kept  constantly  wetted  with  ether  ? 

A.  Because  evaporation  would  carry  off 
the  heat  of  the  water  and  reduce  it  to  the 
freezing-point. 

I643>  Why  does  ether  freeze  under  the  receiver  of 
an  air-pump  when  the  air  is  exhausted? 

A.  Because  evaporation  is  greatly  increased 
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by  the  diminution  of  atmospheric  pressure ; 
and  the  ether  freezes  hy  evaporation. 

FREEZING-MIXTURES. 
Bqoal  -weighta  of  fresh  snow  (or  lioundeil  ice)  and  commoa  aall 
nill  produeo  a.  lemperature  of  4°  below  scro. 

A  mixture  of  three  parla  of  crystalliicd  chloride  of  calcium  nod 


powerl\i1  tVeeiing-miit: 


1641>  Ib  a  mixture  of  salt  and  snow  really  colder  than 

A.  Yes,  many  degrees  colder;  so  that  if 
the  hand  be  dipped  into  the  mixture  first,  and 
into  snow  afterward,  the  snow  will  seem  to 
be  comparatively  warm. 


,y  Google 


PART  VT. 
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CHAPTER  I.— LIGHT. 

1645.  What  is  light  1 

A.  Kapid  undulations  of  a  fluid  called  ether, 
made  sensible  to  the  eje  by  striking  on  the 
optic  nerve, 

16I6<  In  what  manner  is  light  propagated? 

A,  In  right  lines  from  every  luminous  point, 
every  such  line  being  called  a  ray  of  light. 

1647.  What   is   meant  by   a  Fig- 15. 
pencil  of  light? 

A.  A  collection  of  ra- 
diating lines  or  rays,  as 
seen  in  fig.  15. 

1648.  What    is   a    focus   of    ' 
light? 

A.  When  rays  of  light  continually  approach 
each  other,  as  in  moving  to  a  po:nt,  they  are 
said  to  converge,  and  the  point  at  which  the 
converging  rays  meet  is  called  the  "focus." 
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1649.  IIow  fast  docs  light  travel  ? 

A.  Light  travels  so  fast  that  it  would  go 
eight  times  round  the  earth  while  a  person 
counts  "one." 

Light  travels  about  200,000  milea  in  one  foconii  of  time. 

1650.  Whatisct.ier? 

A.  A  very  subtle  fluid,  which  pervades  all 
space. 

1651>   How  can  undulations  of  ether  produce  light? 

A,  As  sound  is  produced  by  undulations  of 
air  striking  on  the  ear,  so  light  is  produced 
by  undulations  of  ether  striking  on  the  eye, 

1652.  How  does  combustion  make  undulatioDs  of 
fight? 

A.  The  atoms  of  matter  set  in  motion  by 
heat,  striking  against  this  ether,  produce  un- 
dulations in  it,  as  a  stone  thrown  into  a  stream 
produces  undulations  in  the  water. 

1653.  Does  all  light  travel  equally  fast? 

A.  Yes :  the  light  of  the  sun  or  the  light 
of  a  candle  travels  at  the  rate  of  about 
200,000  miles  in  a  second. 

1654.  Whci-e  does  the  light  of  houses,  trees,  and 
fields  como  from  ? 

A.  The  light  of  the  sun,  or  of  some  lamp 
or  candle,  is  reflected  from  their  surfaces, 

1655.  Why  are  some  surfaces  brilliant,  like  glass  and 
steel,  and  others  dull,  hke  lead? 

A,    Those  surfaces  which  reflect  the  most 
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light  are  the  most  brilliant;  and  those  which 
absorb  light  are  dull. 

I636i  What  is  meant  by  reflecting  light? 

A.  Throwing  the  rays  of  light  back  again 
from  the  surface  on  which  they  fall. 

1657.  What  is  meant  by  absorbing  light? 

A.  Retaining  the  rays  of  light  on  the  sur- 
face on  which  they  fall ;  in  consequence  of 
which,  their  presence  is  not  made  sensible  by 
reflection. 

1658t  Why  can  a  thousand  persons  see  the  same  object 
at  the  same  time  ? 

A.  Because  it  throws  off  from  its  surface 
an  infinite  number  of  rays  in  all  directions; 
and  one  person  sees  one  portion  of  these  rays, 
and  another  person  another, 

1659<  Why  is  the  eye  pained  by  a  sudden  light? 

A.  Because  the  nerve  of  the  eye  is  burdened 
with  rays  before  the  pupil  has  had  time  to 
contract. 

1660>  Why  does  it  give  us  pain  if  a  candle  be  brought 
suddenly  toward  our  bed  in  the  night-time  ? 

A,  Because  ^Iie  pupil  of  the  eye  dilates 
very  much  in  the  dark,  in  order  to  admit 
more  rays.  When,  therefore,  a  candle  is 
brought  suddenly  before  us,  the  enlarged 
pupils  overload  the  optic  nerves  with  rays, 
which  causes  pain. 
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I66f .  Why  can  we  bear  the  candle-light  after  a  few 


A.  Because  the  pupils  contract  again  almost 
instantly,  and  adjust  themselves  to  the  quan- 
tity of  light  which  falls  upon  them. 

I$62i  Why  can  we  see  nothing  when  we  leave  a  Well- 
lighted  room  and  ro  into  the  duiker  road  or  street  ? 

A.  Because  the  pupil,  which  contracted  in 
the  bright  room,  does  not  dilate  instantar 
neously ;  and  the  contracted  pupil  is  not  able 
to  collect  rays  enough  from  the  darker  road 
or  street  to  enable  us  to  see  objects  before  us. 

I663i  Why  do  we  see  better  wlien  we  get  used  to  the 

A.  Because  the  pupil  dilates  again,  and 
allows  more  rays  to  pass  through  its  aperture ; 
in  consequence  of  which,  we  see  more  dis- 
tinctly. 


'Thus,  when  tlie  li 

Tho  tf.i.voiler  h 

He  feelB  a  while  1 

And  lingers  on 

amp  thnt  Itglited 

benigbtcd, 
in  lenr  and  doubt. 

'  But  soon,  the  pnwpeet  clenring, 

In  clourtlesa  atarlight  "..  he  treaJfr, 
And  finds  mi  lamp  so  eheerin; 

As  ihat  light  which  he.ii  on  eheJs." 

we  look  at  th. 

0  sun  for  a  few  moments, 

why 

1604. 

do  all  other  things  appear  dark? 

A.  Because  the  pupil  of  the  eye  becomes 
so  much  contracted  by  looking  at  the  sun  that 
it  is  too  small  to  collect  sufficient  rays  from 
other  objects  to  enable  us  to  distinguish  theii 
colors.     (See  Accidental  Colors.) 
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1665i  Why  can  we  see  the  proper  colors  cf  every 
object  again,  after  a  few  minutes? 

A.  Because  the  pupil  dilates  again,  and 
accommodates  itself  to  the  light  around. 

1666i  Why  can  tigers,  cats,  and  owls  see  in  the  dark  7 

A.  Because  they  have  the  power  of  en- 
larging the  pupil  of  their  eyes  so  as  to  collect 
the  scattered  rays  of  light;  in  consequence 
of  which,  they  can  see  distinctly  when  it  is 
not  light  enough  for  us  to  see  any  thing  at  all, 

I667i  Why  do  cats  keep  winking  when  they  sit  before 

A.  Because  the  pupil  of  their  eye  is  very 
broad,  and  the  light  of  the  fire  is  painful :  so 
they  keep  shutting  their  eyes  to  relieve  the 
sensation  of  too  much  light. 

I66$<  Why  do  glow-worma  and  fire-iiea  glisten  by 
night  only  ? 

A.  Because  the  light  of  day  is  so  strong 
that  it  eclipses  the  feeble  light  of  a  glow-worm 
or  fire-fly ;  in  consequence  of  which,  glow- 
worms are  invisible  by  day. 

1669.  Why  can  we  not  see  the  stars  in  the  daytime  ? 

A.  Because  the  light  of  day  is  so  powerful 
that  it  eclipses  the  feeble  light  of  the  stars ; 
in  consequence  of  which,  they  are  invisible 
by  day. 

1670..  Why  can  we  see  the  stars,  even  at  mid-day, 
from  the  bottom  of  a  deep  well  ? 

A.  Because  the  light  of  the  stars  is  not 
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overpowered  by  the  rays  of  the  sun,  which 
are  lost  in  the  numerous  reflections  which 
they  undergo  in  the  well. 

The  rnys  of  the  sun  will  enter  tbe  well  very  obliquely;  whereai 
muny  atara  Bill  shiae  directly  over  tho  well. 

1671.  Why  do  we  not  see  things  double,  with  two 
eyes? 

A.  1st.  Because  the  axis  of  both  eyes  is 
turned  to  one  object,  and  therefore  the  same 
impression  is  made  on  the  retina  of  each  eye ; 
and, 

2d.  Because  the  nerves  which  receive  the 
impression  have  one  point  of  union  before 
they  reach  the  brain. 


1672.  Why  do  we  see  ourselyes  in  a  glass  ? 

A.  Because  the  rays  of  light  from  our  face 
strike  against  the  surface  of  the  glass,  and, 
instead  of  being  absorbed,  are  reflectedj  or 
sent  back  again  to  our  eye. 

1673>  Why  are  the  rays  of  hght  reflected  by  a  mirror? 

A.  Because  they  cannot  pass  through  the 
impenetrable  metal  with  which  the  back  of 
the  glass  is  covered :  so  they  bound  back, 
just  as  a  marble  would  do  if  it  were  thrown 
against  a  wall. 

1674t  Wlien  a  marble  is  rolled  toward  a  wall,  what 
is  the  path  through  which  it  runs  called? 
A,  The  line  of  incidence. 
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I675i  When  a  marble  bounds  back  again,  what  is  the 
path  it  then  describes  called? 

A.  The  line  of  reflection. 

(See  Fig.  IS.)  If  A  li  bu  the  lin«  of  incideDce,  B  E  is  tbe  line  of 
reflection;  and  nice  cerso. 

1676i  When  the  light  of  our  face  goes  to  the  glass, 
what  is  the  path  through  which  it  goes  called  ? 
A.  The  line  of  incidence, 

1677.  When  the  light  of  our  face  is  reflected  back 
again  from  the  mirror,  what  is  this  returning  path  called  ? 

A.  The  line  of  reflection. 

1678.  What  is  the  angle  of  incidence  ? 

A.  The  angle  between  the  line  of  incidence 
and  the  perpendicular. 

1879.  What  ia  the  angle  of  reflection  ? 

A.  The  angle  between  the  line  of  reflection 
and  the  perpendicular. 


Lot  F  C  be  any  Burfacc,  D  B  n  perpendicular  to  il.  If  a  inarLle 
were  tlirown  from  E  io  B,  and  bounded  book  to  A,  then  BED  would 
bu  united  the  angiu  of  incidence,  and  A  B  D  the  angie  of  refleotioo. 

1680.  Why  does  our  reflection  in  a  mirror  seem  to 
approach  us  as  we  walk  toward  it,  and  to  retire  from  us 

A.  Because  the  lines  and  angles  of  incidence 
are  always  equal  to  the  lines  and  angles  of 
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reflection ;  in  consequence  of  which,  the  image 
will  always  seem  to  be  as  far  behind  the 
•nirror  as  the  real  object  ia  before  it 
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I681i  Why  doea  the  image  of  any  object  in  water 
always  appear  inverted  ? 

A.  Because    the    angles  of  incidence    are 
s  equal  to  the  angles  of  reflection. 


Fig. 18. 
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1682.  When  we  see  our  reflection  in  water,  whj  (io 
we  seem  to  stand  on  our  head? 

A.  Because  the  angles  of  incidence  are 
always  equal  to  the  angles  of  reflection. 

Suppose  our  head  to  be  0.1  A,  ami  uur  feet  at  B;  then  tho  shadow 
of  one  heal  will  be  seen  at  D,  and  tbe  shadow  of  our  feet  at  C.  (Se* 
fig.  18.) 

ICSSt  Why  do  windows  seem  to  bloae  at  sunrise  and 

snnset  ? 

A.  Because  glass  is  a  good  reflector  of  light; 
and  the  rays  of  the  sun,  striking  against  the 
window-glass,  are  reflected,  or  thrown  back. 

1681.  Why  do  not  windows  reflect  the  noonday  rays 

A.  They  do  ;  but  the  reflection  is  not  seen. 

1685.  Why  is  the  reflection  of  the  rising  and  setting 
sun  seen  in  tho  window,  and  not  that  of  the  noonday  sun  ? 

A.  Because  the  rays  of  the  noonday  sun 
enter  the  glass  too  obliquely  for  their  reflec- 
tion to  be  seen. 

Sun  near  doue.  Fig.  1». 
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1686.  Why  can  we  not 

a  well  during  the  daytin 


i  the  reflection  of  the  s 


A.  Because  the  rays  of  the  sun  fall  so  ob- 
liquely that  they  never  reach  the  surface  of 
the  -water  at  all,  but  strike  against  the  sidea. 


Let  B  D  E  C 
The  raj  A  " 
UiQ  ray  A  C 
None  will 


tbs  well;  and 


I687t  Why  are  stars  reflected  in  a  well,  although  the 
sun  is  not  ? 

A.  Because  the  rays  of  those  stars  which 
pass  nearly  overhead  will  not  fall  so  ob- 
liquely into  the  well  as  the  rays  of  the 
sun. 
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I688i  Why  arc  more  stars  visible  from  a  mouulaiii 
than  from  a  plain  '! 

A.  Because  the  light  has  less  air  to  pass 
through,  and  the  atmosphere  on  a  mountain 
is  more  clear.  As  air  absorbs  and  diminishes 
light,  the  higher  we  ascend  the  less  light  will 
be  absorbed. 

I689i  In  a  sheet  of  water  at  i:ooq,  the  sun  appeart 
to  shine  upon  only  one  spot,  and  all  the  rest  of  the  watev; 
sesms  dark  :  why  is  this  ? 

A.  Because  the  rays  fall  at  various  de- 
grees of  obliquity  on  the  water,  and  are  re- 
flected at  similar  angles ;  but,  as  only  those 
which  meet  the  eye  of  the  spectator  are  visi- 
ble, all  the  water  will  appear  dark  except 
that  one  spot.     (See  fig.  22.) 
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I690i  Wby  can  we  not  see  into  the  street  or  road 
when  candles  ai'C  Ughted  ? 

A.  1st.  Because  glass  is  a  reflector,  and 
throws  the  candle-light  back  into  the  room 
again ;  and, 

2d.  The  pupil  of  the  eye,  having  become 
contracted  by  the  light  of  the  room,  is  too 
small  to  collect  rays  enough  from  the  dark 
street  to  enable  us  to  see  into  it. 

1691.  "VVhy  do  we  often  see  the  fire  reflected  in  our 
parlor-window  in  winter-time  ? 

A.  Because  glass  is  a  good  reflector ;  and 
the  rays  of  the  fire,  striking  against  the 
window-glass,  are  reflected  back  into  the 
room  again. 
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1692.  Why  is  this  reflection  more  clear  if  tlie  ex- 
ternal air  be  dark  ? 

A.  Because  the  reflection  is  not  eclipsed  by 
the  brighter  rays  of  the  sun  striking  on  the 
other  side  of  the  window. 

1693.  If  the  shadow  of  au  object  be  thrown  on  a 
wall,  the  closer  the  object  is  held  to  the  eandle  the  larger 
will  be  its  shadow.     Why  is  thia  ? 

A,  Because  the  rays  of  light  diverge  from 
the  flame  of  the  candle  in  straight  lines,  like 
lines  drawn  from  the  centre  of  a  circle. 
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1894.  When  we  eater  a  long  aveoue  of  trees,  why 
doe*  the  avenue  seem  to  get  narrower  and  narrower,  till 
the  two  aides  appear  to  meet  ? 

A.  Because  the  farther  the  trees  are  off,  the 
more  acute  will  be  the  angle  that  any  oppo- 
site two  make  with  our  eye.     (See  Fig.  24.) 
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I695i  In  a  long,  straight  street,  why  do  the  houses 
on  the  opposite  sides  seem  to  approach  Dearer  together  as 
they  are  more  distant  ? 

A.  Because  the  more  distant  the  houses 
are,  the  more  acute  will  be  the  angle  which 
any  opposite  two  make  with  our  eye. 

Thus,  in  fig.  2J,  if  A  and  B  were  two  houses  at  the  top  of  the 


I696>  In  an  avenue,  why  do  the  trees  seem  to  be 
smaller  as  their  distance  increases? 

A.  Because  the  farther  the  trees  are  off, 
the  more  acute  will  be  the  angle  made  by 
their  perpendicular  height  with  our  eye. 
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1697.  Why  docs  a  man  on  the  top  of  a  mountain  or 
ehui'ch-spire  appear  so  small  ? 

A.  Because  the  angle  made  in  our  eye  by 
the  perpendicular  height  of  the  man  at  that 
distance  is  no  larger  than  that  made  by  a 
crow  close  by. 


disLint  moiiatnin  or  spire,  and  C  D,  n 
nnl;  as  high  as  tbe  line  C  D,  which 


I698t  Why  does  the  moon  appear  to  us  so  much 
larger  than  tlie  stars,  though  in  fact  it  is  a  great  deal 
smaller  ? 

A.  Because  the  moon  is  very  much  nearer 
to  us  than  any  of  the  stars. 
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If  a  ball  wsra  to  travel  500  miles  aa  hour,  it  wmU  reach  t&s  moot 
in  twBDty  days;  but  it  wuuld  not  rencli  the  nearest  fixed  star  in 
4,600,000  jears.  Had  it  begua,  tbereforo,  nben  Adam  was  createil, 
it  would  bare  been  oovr  no  farther  on  ita  journey  than  a  conch  which 
has  to  go  from  the  Land's  End,  Cernffall,  lo  the  moi^t  nortbeni  parli 
of  Scotland,  will  be  after  it  has  passed  about  three- quarterg  or  a  mile. 

1699<  Why  doea  the  moon,  which  is  a  sphere,  appear 
to  be  a  flat  surface  ? 

A.  Because  it  is  so  far  off  that  we  cannot 
distinguish  any  difference  between  the  length 
of  the  rays  issuing  from  the  edge  and  those 
which  issue  from  the  centre. 
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1700>  Why  does  distance  make  an  ohject  invisible? 

A.  Because  no  visible  perpendicular  can 
be  inserted  between  the  lines  which  form 
the  angle,  or  because  the  lines  actually  cross 
before  they  meet  our  eye. 


C 


■~J So 


Here  the  tree  A  P  would  not  he  siaibie  I 
be  inserted  between  tho  tnn  lines  A  C,  D  C. 
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1701.  Wliut  is  the  meaning  of  perspective? 

A.  The  science  of  perspective  teaches  to 
draw  on  a  plane  surface  true  pictures  of  oi>- 
jects  as  they  appear  to  the  eye  from  any 
distance  and  iii  any  position. 


1702.  What  is  the  use  of  telescopes? 

A.  They  gather  together  the  rays  of  light, 
and  a  greater  quantity  are  brought  to  the 
eye. 

1703.  IIow  can  these  rays  be  gathered  together? 

A.  Rays  of  light  diverge — that  is,  spread 
out  in  all  directions — from  a  luminous  ol> 
ject.  The  number  of  these  diverging  rays 
which  will  enter  the  eye  is  limited  by  the 
size  of  the  pupil.  But,  before  they  reach 
the  eye,  they  may  be  received  upon  a  glaas 
lens  of  a  conve^'^  form,  which  will  have  the 
effect  of  collecting  them  into  a  space  less  in 
magnitude  than  the  pupil  of  the  eye.  If 
the  eye  be  placed  where  the  rays  are  thus 
collected,  all  the  light  will  enter  the  pupil. 

1704.  Why  do  telescopes  enable  us  to  see  objects 
invisible  to  the  naked  eye  ? 

A.  Because  they  gather  together  more  lumi- 
nous rays  from  obscure  objects  than  the  eye 
can,  and  form  a  bright  image  of  them  in  tin; 
tube  of  the  telescope  where  they  are  magni- 
fied. 
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1705.  When  a  ship  out  at  sea  is  approaching  the 
shore,  why  do  we  see  the  small  masts  before  we  sec  the 
bulky  hull  ? 

A.  Because  the  earth  is  round ;  and  the 
curve  of  the  sea  hides  the  hull  from  our  eyes 
after  the  tall  masts  have  become  visible. 


mfig 
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ings  transparent  also  ? 

A.  Because  the  surfju-e  of  the  shaving 
has  been  torn  and  rendered  rough ;  and  the 
rays  of  light  are  too  much  reflected  and  re- 
fracted by  the  rough  surface  t«  be  trans- 
mitted through  the  shaving,  so  as  to  pro- 
duce transparency- 

1707.  Why  doc-  wetting  a  eonieljau  make  it  more 
transparent':' 
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A,  Because  the  pores  of  the  cornelian  are 
then  filled  with  water ;  and,  as  the  density  of 
the  mass  is  rendered  somewhat  more  uni- 
form than  when  those  pores  were  filled  with 
air,  the  stone  becomes  more  transparent. 
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SECTION  L-THE  EYE,  THE  SEAT  OF  VISION. 

1708.  What  is  moan,  by  the  "retina  of  the  eye"? 
A.  The  net-work  which  lines  the  back  of 

the  eye  is  called  the  retina. 

Tig.  32. 

1  the  retina,  niid    /f'^^ 
Ld  tho  eornea.        /  \^  ^ 

This  net- work  la  composed  of  a  spreading  out  \*  J' 

of  the  flbres  of  the  nerve  gf  vision.  '..=_-i!^ 

1709.  Docs  light  admitted  through  the  pupil  to  the 
retina  produce  vision  ? 

A.  Yes;  provided  the  light  enter  in  suf- 
ficient quantity. 

1710.  What  is  that  portion  of  the  eye  called  which 
in  some  persons  i.s  blue,  in  others  gray  or  nazel? 

A.  It  is  called  the  iris. 

1711.  In  the  centre  of  the  iris  is  a  circular  black 
spot;  what  is  this  called? 

A.  It  is  called  the  pupil.  This  spot,  how- 
ever, is  not  a  black  substance,  but  an  aper- 
ture, which  appears  black  only  because  the 


,y  Google 


370 


OPTICS. 


chamber  -within  it  is  dark.  It  is,  properly' 
speaking,  the  window  of  the  eye,  through 
which  light  is  admitted,  which  strikes  on  the 
retina. 

1712.  Why  are  some  persons  near-sighted? 

A.  Because  the  cornea  of  their  eye  is  so 
prominent  that  the  image  of  distant  objects 
is  formed  before  it  reaches  the  retina,  and, 
therefore,  is  not  distinctly  seen. 


1713.  What  is  meant  by  the  "  cornea  of  the  eye"  ? 
A.  All  the  outside  of  the  visible  part  of 
the  eyeball. 

Fig-  34-  Theejt,  being  nearly  spbe- 


la  form. 

Ing  the  ci'iti'nry  Kfutmeiit.'  TIib  coraen  «  s  ia  an  exceedingly  tough  mem- 
briine,  nlthuugb  clenr  unit  transpnreDt :  it  ia  firmly  nnited  to  tba  sclerotio 
coat, — fixed  into  it,  indeed,  like  the  glaai  into  the  case  of  a  wUch, 
and  Bupporlad  by  aevenil  adhering  layers.  The  centre  of  Iho  cornea 
is  n  cirenlar  opening,  the  pnpit ;  and  w  ,  ^ 

fcm,  a  trannparent  cspsule  containing  the  vitirom  hnmor.  Within 
the  cboroid  cont  ia  a  very  delicate  black  pigment,  and  immediately 
within  thi«  the  rciliia,  which  forma  the  innermost  coating  of  the 
fh<xa\  chamber.  Tho  retina  ia  a  delicate  reticulated  membrane, 
ubich  appears  to  lie  an  oitension  of  the  optic  nerve. 

1714.  What  is  a  lens? 
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A.  A  piece  of  glass  or  other  transparent 
fiubstance,  bounded  on  both  sides  by  polished 
spherical  surfaces,  or  on  the  one  side  by  a 
spherical  and  on  the  otiier  by  a  plane  surface. 

I715t  How  many  varieties  of  lenses  are  generally 
recognized  ? 

A.  Two:  convex  and  concave. 


x,A,  (fig.  109,)to»Ucli 

■  appellation  "lens"  was  originally  applied  from  its  resemblunce  to  a 
til-B«ed,  {Una  in  Latin,)  being  bounded  by  two  convei  apherieal 

ivex,  B,  having  one  tide  bounded  bj  a  plane  surlbfe  and  tbe  othtt 
a  ciinvex  sncface;  and  the  meniseus  or  concavo-cotivex,  C.bonnded 
one  aide  by  a  concave  and  on  the  other  by  a  ccinvex  (UrfBCe,— tho 
mer  being  a  portion  of  a  larger  circle  than  tho  latter,  and  theie- 
e  the  surfaces  meet  when  produced. 


<o  tbrei 


,  bounded  by  two  concave  surfltce^,  forming  porti 
rentiea  ate  on  opposite  aides  of  the  lens;  the  pla 
ed  on  one  aide  by  a  plane  and  on  the  other  h 
and  the  convexo-concave,  F,  bounded  by  a  con 
,  and  by  a  concave  one  on  the  other,— but  these  5 


la  tht 


1716.  What  sort  o 


ir-sighted  persons 


A.  If  the  cornea  be  too  convex,  (or  pro- 
jecting,) the  person  must  wear  double  con- 
cave glasses  to  counteract  it, 

1717.  What  is  meant  by  "double  concave  glasses"? 

A.  Glasses  hollowed  in  on  both  sides. 
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I7l8i  Wliere  is  the  imago  of  objects  formed,  if  the 
coruea  be  too  coovex  ? 

A.  If  the  cornea  be  too  convex,  the  image 
of  a  distant  object  is  foniied  in  the  vitreous 
humors  of  the  eye,  and  not  on  the  retina. 


1319.  What  ia  the  uae  of  double  concave  speetacle- 
glassea  ? 

A.  To  cast  the  image  farther  back,  in  order 
that  it  may  be  thrown  upon  the  retina  and 
become  visible. 

1720i  Why  are  old  people  far-sighted  ? 

A.  Because  the  humors  of  their  eyes  are 
dried  up  by  age;  in  consequence  of  which, 
the  cornea  sinks  in,  or  becomes  flattened. 

I73l>  Why  does  the  flattening  of  the  cornea  prevent 
persons  seeing  objects  which  are  near? 

A.  Because  the  cornea  is  too  flat,  and  the 
image  of  near  objects  is  not  completely 
formed  when  their  rays  reach  the  retina;  in 
consequence  of  which,  the  image  is  imperfect 
and  confused. 

Fig.  37. 
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1722.  What  sort  of  glasses  do  old  people  wear  ? 

A.  As  their  cornea  is  not  sufficiently  con- 
vex, they  must  use  double  convex  glasses,  to 
enable  them  to  see  objects  near  at  hand. 

1723.  What  sort  of  glasses   are  "double   convex" 

spectacle-glasses  ? 

A.  Glasses  which  curve  outwards  on  both 

sides. 

1724i  What  is  the  use  of  douhle  convex  spectacle- 
glasses  ? 

A.  To  shorten  the  focus  of  the  eye,  and 
bring  the  image  of  distant  objects  upon  the 
retina. 

1725.  Why  do  near-sighted  persons  bring  objects 
close  to  the  eye  in  order  to  see  them  1* 

A.  Because  the  distance  between  the  front 
and  back  of  the  eye  is  so  great  that  the  image 
of  distant  objects  is  formed  in  front  of  the 
retina ;  but  when  objects  are  brought  near  to 
the  eye,  their  image  is  thrown  farther  back, 
and  made  to  fall  on  the  retina. 

1726.  Why  do  old  people  hold  objects  far  off  in  ord"r 
to  see  them  better  ? 

A.  Because  the  distance  between  the  front 
and  back  of  their  eyes  is  not  great  enough ; 
when,  however,  objects  are  held  farther  off, 
it  compensates  for  this  defect,  and  a  perfect 
image  is  formed  on  the  retina. 
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1727.  Why  are  hawks  ahlo  to  see  at  such  great  dis 
tancea!' 

A,  Because  they  have  a  muscle  in  the  eye 
which  enables  them  to  flatten  their  cornea, 

by  drawing  back  the  crystalline  lens.     (See 
flg.S4.) 

1728.  Why  can  hawks  see  objectsnithin  half  an  inch 
of  their  eye,  as  well  as  those  at  a  great  distaoce '( 

A,  Because  their  eyes  are  furnished  with 
a  flexible  bony  rim,  which  throws  the  cornea 
forward  and  makes  the  hawk  near-sighted. 

SEOnOir  IL-DEOEPTIOHS  OF  VISION. 

1729.  Why  cannot  we  count  the  posts  of  a  fence 
when  we  are  riding  rapidly  in  a  raiiroad-car  ? 

A.  Because  the  light  from  each  post  falls 
upon  the  eye  in  such  rapid  succession  that 
the  vibration  of  the  rays  of  light  from  one 
post  does  not  cease  until  tiie  rays  from  the  suc- 
ceeding post  fall  on  the  eye. 

I730i  How  can  the  apparent  magnitude  of  the  sun 
at  the  time  of  his  rising,  and  again  at  noonday,  be  mea- 
Bured  ? 

A.  This  may  be  accomplished  by  extend- 
ing  two  threads  of  fine  silk,  fastened  in  a 
frame,  parallel  to  each  other.  The  frame 
should  be  placed  in  such  a  position,  and  at 
such  a  distance  from  the  eye,  that,  when 
presented  to  the  sun  or  moon  in  the  horizon, 
the  threatls  will  appear  exactly  to  touch  ita 
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upper  iind  lower  limb,  or,  in  other  words,  be 
j  ust  sufficiently  separated  to  admit  of  the  disk 
of  the  sun  or  moon  to  appear  between  them 
and  touch. 

Now,  if  the  sun  or  moon  be  viewed  in  tlie 
same  manner  at  noonday,  it  will  be  found 
that  tliey  are  just  far  enough  apart  to  admit 
of  the  disk  between  them, — showing  that  the 
apparent  increased  magnitude  at  rising  and 
setting  is  an  optical  deception,  or,  rather,  an 
error  in  judgment. 

1731.  If  you  move  a,  stick  burning  at  odg  end  pretty 
briskly  around,  it  seeuis  to  maito  a  circle  of  fire  :  why  is 
this? 

A,  Because  the  eye  retains  the  image  of 
any  bright  object  after  the  object  itself  is 
withdrawn ;  and,  as  the  spark  of  the  stick 
returns  before  the  image  has  faded  from  the 
eye,  it  seems  to  form  a  complete  circle. 

The  light  proceeding  from  the  stick  enters 
the  eyf ,  and  causes  certain  vibrations,  which 
are  so  exceedingly  rapid  that  the  action,  of 
the  light  is  not  retarded  for  a  sufficient  length 
of  time  to  perceive  the  motion  of  the  stick. 

1732.  If  separate  figures  (asof  aman  and  a  liorse)  be' 
drawn  on  separate  sides  of  a  card,  and  the  card  twirled 
quickly,  the  man  will  seem  to  be  seat«d  on  the  horse: 
why  is  this  ? 

A.  Because  the  image  of  the  horse  re- 
mains upon  the  eye  till  the  man  appears. 

Tlie  thikiiiaatr<j[>0  is  C(.n«  time  ted  on  this  p[mci[ile. 
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CHAPTEK   II.— REFRACTION. 
1733.  What  is  meant  by  refraction  ? 
A.  Bending  a  ray  of  light,  as  it  passes  froia 
one  medium  to  another. 


Placo  a  silver  coin  ™  ot  tha  butti.m  of  a  basin,  (fig.  33.)  TLo  rays 
i"  1  proceeding  to  Ibe  eye  from  thu  siiver  surface  render  the  coin  vi^i- 
ble.  The  point  ci,  tbe  eje,  ia  tben  moved  reilber  bacli,  so  that  tha 
edge  of  tho  basin  obstructs  tlio  direct  rays,  and  of  course  the  coin  is 
no  lunger  seen.  If  nn  nttendnst  eorefuliy  pours  vater  into  t!ie  huein, 
su  that  the  object  is  ni>t  'uovod,  il  nill  presenlly,  as  tho  water  riaea  in 
Iha  baein,  ^ain  becumo  vis:b!c.  Tills  nri«s  from  the  refraction  of  tlio 
rays  by  the  iralcr,  tho  imago,  indeed,  appearing  atu  instead  urat  »>. 

1734t  Does  air  possess  the  property  of  refracting  light  ? 

A.  Yes :  the  more  dense  the  air,  the 
greater  is  its  refractive  power.  Conse- 
quently, that  portion  of  the  atmosphere  at 
the  earth's  surface  possesses  the  greatest  re- 
fractive power,  its  density  gradually  dimi- 
nishing, according  to  its  distance  from  the 
earth,  till  it  becomes  so  rare  as  scarcely  to 
produce  any  refraction  upon  light. 

1735.  How  is  a  ray  uf  light  bcDt,  as  it  passes  from 
»ne  iiiediunt  to  anotjicr  ? 

A.  When    a   ray  of  light   piisses   into  a 
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denser  medium,  it  is  bent  toward  the  perpen- 
dicular;  when  it  passes  into  a  rarer  medium. 

it  is  bent  from  the  perpendicular. 


1786.  Why  does  an  oar  in  water  appear  bent  ? 

A.  Because  the  part  out  of  the  water  is 
seen  in  a  different  medium  to  the  part  in 
the  water;  and  the  rays  of  these  two  parts, 
meeting  together  at  the  surface  of  the  river, 
form  an  angle,  or,  in  other  words,  make  the 
oar  look  as  if  it  were  bent. 


tfarough  n 


■s  of  ligbt  nre  refracled   (or  bent)  ninre  in  their  ] 
it  the  EUtfaoB  of  ihe  water,  and,  of  course,  forrn  ni 


1737>  Why  does  a  spoon  in  a  glass  of  water  always 
appear  bent  ? 

A.  Becausethehghtreflected  from  the  spoon 
is  refracted  as  it  emei^es  from  the  water. 

(Sen  Fig.  IC.)     The  apooo  ABC  will  aopear  bont  like  A  B  D. 
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l7S9i  Why  does  a  river  alnays  appear  more  shallow 
than  it  really  i^  ? 

A.  Because  the  light  of  the  bottom  of  the 
river  is  refracted  as  it  emerges  from  the 
water. 

(See  fig.  JO.)  The  bottom  of  the  river  will  appear  oleratBd,  like 
the  hnirl  of  the  spuun  D. 

1739a  How  much  deeper  ia  a,  river  than  It  seems  to 
be? 

A.  About  one-third.  If,  therefore,  a  river 
seems  only  four  feet  deep,  it  is  really  nearly 
six  feet  deep. 

The  a.TMt  apparent  depfh  would  be  4J.  To  find  the  real  depth, 
mulliplj  by  4  and  divide  by  3  :  thu?,  iiX*-^3  =  6,  real  depth. 

Many  boys  get  out  of  their  depth  in  bntbing,  in  consequenDe  of 
Ihia  daoeptinn.  Remember,  a  river  is  always  one-third  deeper  than  it 
appears  to  be :  thus,  if  a  river  seema  to  be  4  leet  deep,  it  is  in  reality 
nearly  fi  feet  deep;  and  so  on. 

I7I0>  Why  do  fishes  seem  to  be  nearer  the  surface 
of  a  river  than  they  really  are  ? 

A,  Because  the  rays  of  light  from  the  fish 
are  refracted  as  they  emerge  from  the  water ; 
and,  as  a  bent  stick  is  not  so  far  from  end  to 
end  as  a  straight  one,  so  the  fishes  appear 
nearer  to  our  eye  than  they  really  are.  (See 
fig.  40.) 

1741>  Into  how  many  parts  may  a  ray  of  light  bo 
divided  ? 

A.  Into  three  parts, — blue,  yellow,  and  red. 
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A.  Because,  if  a  ray  of  light  be  cast  upon 
a  triangular  piece  of  glass,  {called  a  prism,) 
it  will  be  distinctly  divided  into  seven  colors  : 
—1.  Red;  2.  Orange;  3.  Yellow;  4.  Green; 
5.  Blue;  6.  Indigo;  and,  7.  Violet. 

1  ray  of  light  intti 

A.  Because  all  these  colors  have  different 

refractive  susceptibilities.  Red  is  refracted 
least,  and  blue  the  most :  therefore  the  blue 
color  of  the  ray  will  be  bent  to  the  top  of  the 
prism,  and  the  red  will  remain  at  the  bottom. 


The  aeparation  of  a,  ray  of  toUi  light  into  different  colors  by  re. 
fraction  maybe  more  accurately  displayed  by  admitting  a  ray  through 
■,n  aperture  in  Bwiudow-ehuttei  into  a  darkened  ehambor,  and  causing 
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it  to  fall  on  a  diaphnnoua  prism  A  B  C,  as  represented  in  the  pre- 
ceding figure.  A  raj  D  thus  eniurioe.  and  suffered  to  pa^s  unob- 
■Lructed,  would  form  on  a  plane  Burfoee  a  cireulnr  disk  of  white  light 
E ;  but,  (he  pri^in  being  so  placed  that  the  ra;  may  enter  and  qnit  it 
at  equal  angles,  it  will  be  reftacted  in  such  a,  manner  an  to  furm  on  a 
•creen  M  K,  properly  plaoed,  an  oblong  image,  called  the  solar  spec- 
trum, and  divided  horizontally  into  seven  eolnrod  (paces  or  bands  of 
unequal  extent,  suoeeeding  e.ieh  other  in  the  order  represented: — ' 
red,  orange,  jallow,  green,  blue,  indigo,  violet. 

1741i  Are  the  colored  raya,  once  separated  and  r^ 
fracted  by  the  prism,  capable  of  being  separated  and  re- 
fracted again  ? 

A,  They  are  not,  and  are  hence  designated 
primary  colors. 

I745i  What  is  meant  by  the  refraction  of  a  ray  ? 
A.  Bending  it  from  its  straight  line. 

Thus,  the  ray  A  B  of  fig.  41  is  refrMled  at  B  into  three  courses, 
C,  D,  and  E. 

1746.  What  is  a  rainbow? 

A.  The  rainbow  is  a  semicircular  band  or 
arc,  composed  of  the  different  colors  generally 
exhibited  upon  the  clouds  during  the  occur- 
rence of  rain  in  sunshine. 

1747.  What  is  the  cause  of  a  rainbow? 

A.  When  the  clouds  opposite  the  sun  are 
very  dark,  and  rain  is  still  falling  from  them, 
the  rays  of  the  sun  are  divided  by  the  rain- 
drops as  they  would  he  by  a  prism. 

Let  A,  B,  and  C  (fig.  43)  be  three  drops  of  rsin ;  S  A,  S  B,  and  S  C, 
ttree  rays  of  the  sun.  S  A  is  divided  into  the  three  coUirs ;  the  blue 
and  yellow  are  bent  above  the  eye  D,  and  the  red  enters  iL 

The  ray  S  B  is  divided  into  the  threo  eulors ;  the  blue  ia  bent  above 
the  eye,  and  the  red  falls  below  the  eye  D,  but  the  yellow  enters  it. 
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The  ray  S  C  ia  bIso  divided  intn  iho  tlirce  colore.  The  bluB  (which 
is  bent  moBt)  eDtera  the  eye ;  anil  the  otiier  two  fall  belon  it.  Thus. 
tb«  eye  aeea  the  blue  at  C,  and  iir  nil  drops  in  the  positiun  of  C ;  the 
yellow  of  B,  and  of  all  drops  in  the  position  of  B ;  and  the  red  of  A, 

1748.  Does  every  person  see  the  same  colors  from  the 
same  drops  ? 

A.  No :  no  two  persons  see  the  same  rain- 
bow. 

To  another  speetalor,  the  raya  from  SB  might  be  red  instead  of  yel- 
low ;  the  ray  from  S  C,  yellow  ;  and  the  blue  might  be  reflected  from 
same  drop  below  C.  To  a  third  person,  the  red  might  issue  from  a 
drop  above  A,  and  then  A  would  reflect  the  yellow,  E  the  blue,  and 


I749>  Why  are  there  often  two  rainbows  at  the  same 

A.  The  first  (or  primary)  bow  is  formed  by 
two  refractions  of  the  solar  ray  and  one  re- 
flection, the  rays  of  the  sun  entering  the 
drops  at  the  top  and  being  reflected  to  the 
eye  from  the  bottom.     (See  figs.  44,  45.) 
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n  fig.  4. 


strikes 


B,  the  haak 

part  of  the  inner  gurfaee  of  the  droi 

then  refracted  to  C,  the  ianec  part  of 

the  drop,  irh«Q  it  ia  refracted  aguin 

as  to  come    direoUy  U 


,[  the  f_ 
The  Beeondarj  (or 


er)   b 


T,  by   t 
retractions   ana  two  reneotiona,  I 
drops  from  the  bottom  and  being  reflected 


),  the  ray  S  B 
■■  js  the  ■ 


of  the  drop  at  B,  ia  refraoted  to 
1  then  reflected  to  C,  is  again 
^cleil  to  S>,  when  it  is  ag^n  Fe- 
ted or  bent,  till  it  leaehea  the 
of  the  spectator. 


1750.  Why  ave  the  colors  of  the  second  bow  reversed  ? 

A,  Because  in  one  bow  we  see  the  rays 
wliich  enter  at  the  top  of  the  rain-drops  re- 
fracted from  the  bottom;  but  in  the  other 
bow  wo  see  the  rays  which  enter  at  the  bottom 
of  the  rain-drops  (after  two  reflections)  re- 
fracted from  the  top. 

(See  &g.  le.)  Here  ABC  represents  tbrec  dropa  of  rain  in  the 
secondary  (or  upper]  rsinbow. 

So  the  red  (or  lea^t  rcfrBcled  rays)  of  all  the  drops  in  (ho  position 
of  A— tbe  yellow  of  those  in  Che  pcsitioD  of  B~and  the  blue  (or  tb« 
ino»(  refracted  rays)  of  the  lowest  drops,  all  meet  the  eye  D,  and  form 
a  rainbow  Co  the  spectator. 

The  reason  why  the  primary  bow  exhibits  the  stronger  colors  is  (hat 
Ibe  colors  arc  seen  alter  aae  reflection  and  lico  refractions;  but  the 
tolora  of  the  secondary  (ur  upper)  rainbow  undergo  lico  reflectluD* 
*nd  iwa  refractions. 
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1751.  Why  does  a  soap-bubble  exliibit  such  a  variety 
of  colors  ? 

A.  Because  the  thicknessof  the  film  through 
which  the  rays  pass  is  constantly  varying. 

1752.  How  does  the  thickness  of  the  film  affect  the 
color  of  the  soap-bubble? 

A.  Different  degrees  of  thickness  in  the 
film  prodHce  different  powers  of  refraction ; 
and,  as  the  thickness  of  the  film  varies,  dif- 
ferent colors  reach  the  eye. 

I753i  Why  is  a  soap-bubble  constantly  changing  ita 
thickness  ? 

A.  Because  the  water  runs  down  from  the 
top  to  the  bottom  of  the  bubble,  till  the  crown 
becomes  so  thin  as  to  burst. 

1754.  Why  are  the  late  evening  clouds  red  ? 

A.  Because  red  rays,  being  the  least  re. 
frangible,  are  the  last  to  disappear. 
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SuppoBB  P  A  to  bo  a  rea  ray,  P  B,  yellow,  and  P  C,  blue :  if  the 
earth  turns  in  tbe  direction  of  C  B  D,  it  ia  quito  manifest  tbat  a  Bp«c- 
tator  standing  at  C  or  B  (carried  round  in  tha  aama  diirection)  would 
luao  sight  of  tbe  red  rays  (A)  last  of  uU. 

1755.  Why  are  the  early  morntDg  clouds  red? 
A.  Because  red  ra3's,  being  the  least  re- 
frangible, are  the  first  to  appear. 

(Sea  lig.  47.) 
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I75fi>  Why  does  the  sun  look  red  in  a  fog? 

A.  Because  red  rays  have  a  greater  mo- 
mentum than  any  other  rays ;  and  this  supe- 
rior momentum  enables  them  to  penetrate 
the  dense  atmosphere  more  readily  than 
either  blue  or  yellow  rays,  which  are  either 
absorbed  or  reflected  by  the  fog. 

I757i  Why  are  the  edges  of  clouds  more  luminous 
than  their  centres  ? 

A.  Because  the  body  of  vapor  is  thinnest 
at  the  edges  of  the  clouds. 
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A.  Alihough  the  sun's  rays  are  refracted 
and  absorbed  in  a  measure  by  the  clouds,  a 
sufficient  number  reach  the  earth  to  give 
light. 

1759.  What  is  the  cause  of  niorning  and  eveiiiQ" 
twilight  ? 

A.  When  the  sun  is  below  the  horizon,  the 
rays  which  strike  upon  the  atmosphere  or 
clouds  are  bent  down  toward  the  earth,  and 

produce  a  little  Hght,  called  twilight. 

{See  fig.  47.)     H«re  (he  ray!  of  P  A  will  give  some  light. 

I760i  Soniefcimea  ships  arc  distinctly  seen  by  an  ob- 
server on  shore  before  they  are  actually  above  the  horizon  j 
explain  this. 

A.  This  is  owing  to  the  refracting  power 
of  the  atmosphere  at  the  time.  The  diiier- 
ent  strata  of  air  being  of  unequal  density, 
the  rays  of  light  from  the  ship  to  the  eye 
of  the  observer  are  bent  in  a  curve  ;  so  that 
the  vessel  is  visible  before  it  is  really  above 
the  horizon. 


1761.  Can  you  relate  how  Captain  Scoresby,  when 
navigating  the  Greenland  Seas,  saw  a  ship  at  a  great 
distance  below  the  horizon  ? 

A.  He  saw  the  inverted  image  of  a  ship  in 
the  air,  although  it  was  below  the  horizon, 
and  on  observing  it  attentively  he  discovered 
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it  to  be  his  father's  ship  Fame,  which  at  that 
moment  was  seventeen  miles  below  the  hori- 
zon, and  tliirty  miles  distant. 

1762.  How  can  you  account  for  the  inverted  imag« 
of  the  Hhip  ?  Why  did  he  not  aeo  it  b  its  proper  posi- 
tion, wit.i  ita  hull  next  the  water? 

A.  In  this  instance  the  stratum  of  air 
nearest  the  earth's  surface  was  less  dense 
than  that  immediately  above  it,  and  there- 
fore the  refractive  power  of  the  upper  stratum 
was  greater  than  that  of  the  lower. 

Dr.  Kiina  in«iitiun»  ii  beautiful  MaiAay  ■■(  relVactiim  in  the  Arctie 


I73S>   Why    does    inother-of- pearl    show    ao    many 

A.  Mother-of-pearl  consists  of  a  vast  num- 
ber of  very  tliin,  half-transparent  layers  of  un- 
equal thickness,  overlapping  each  other  like 
the  scales  of  a  fish. 

Where  these  layers  terminate,  there  are 
very  small  grooves  or  streaks  running  in  all 
directions,  which  act  like  prisms. 

It  is  these  streakings,  or  grooves,  which 
cause  the  various  and  changing  colors  of 
mother-of-pearl. 
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all  tha  shinlsB  nnd  tolnra  of  molher-nf-penrl,  merely  because  the  im. 
pressluQ  will  be  streaked  uT  gruuvea  in  a  eiiailsr  wa;. 

1761i  Why  do  the  stars  twinkle? 

A,  Because  the  inequalities  find  undulations 
in  the  atmosphere  produce  unequal  refractions 
of  light ;  and  these  unequal  refractions  cause 
the  t\vinkling  or  irregular  brilliancy  of  the 
stars. 

1763>  W'hj  do  stars  twinkle  more  than  usual  just 
previous  to  a  rain  ? 

A.  Because  the  air  is  unequally  filled  with 
vapor,  which  oifers  constant  and  unequal  ob- 
ptructions  to  the  passage  of  the  rajs  of  light. 

I766t   Why  are  some  things  transparent? 

A.  Because  every  part  between  the  two  sur- 
faces has  a  uniform  refracting  power, — in  other 
words,  has  in  every  place  the  same  density ; 
and  therefore  the  rays  of  hght  emerge  on  the 
opposite  side, 

1767*  Why  are  some  things  not  transparent? 

A.  Because  the  particles  which  compose 
them  are  separated  by  minute  pores  or  spaties, 
which  have  a  different  density  from  the  par- 
ticles themselves  :  therefore  the  rays  of  light 
are  reflected  and  refracted  too  often  to  emerge. 

I76S<  Why  are  clrj  paper  and  calico,  which  are  opaque, 
made  transparent  by  being  oiled  ? 

A.  Because  the  pores  are  filled  by  the  oil, 
which  has  nearly  the  same  density  as  the  sub- 
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stance  of  the  paper  itself, — by  which  means 
a  uniform  density  is  effected,  and  the  sub- 
stance becomes  transparent, 

1769>  Why  is  glass,  which  is  traosparcut,  rendered 
opaque  by  being  ground  or  pulverized  ? 

A.  Because  the  whole  substance  from  sur- 
face to  surface  is  no  longer  of  a  uniform 
density. 

CHAPTER  III.— REFLECTION. 

1770i  What  is  meant  by  reflection  of  light? 

A.  Reflection,  in  Optics,  meajis  the  re- 
bounding of  light  from  the  surfaces  on  which 
it  falls. 

1771i  An  object  in  the  shade  is  not  go  bright  and 
appaveot  as  an  object  in  the  sud  :  why  is  it  not? 

A,  Because  objects  in  the  shade  are  seen 
by  reflected  light  reflected;  that  is,  the  light 
is  twice  reflected ;  and,  as  the  rays  of  light 
are  always  absorbed  in  some  measure  by 
every  substance  on  which  they  fall,  some 
light  is  lost, — 1st,  before  the  second  reflection 
is  made,  and,  2d,  in  the  object  that  makes 
the  second  reflection. 


1773>  If  a  picture  be  highly  varnished,  or  covered 
itii  a  glass,  it  cannot  be  seen  in  certain  positions :  why 
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A.  1st.  Becaiise  the  glass  or  varnish  ia 
a  reflector ;  and,  whenever  a  strong  light  ia 
reflected  from  the  glass  to  the  eye  of  the 
spectator,  tlie  glass  or  varnish  becomes  very 
luminous,  and  the  picture  remains  in  com- 
parative darkness ;  and, 

2d.  When  the  spectator  is  so  placed  as 
V)  catch  the  rays  of  light  reflected  from  the 
glaes  or  varnish,  his  eye  is  dazzled  and  cannot 
see  the  more  faintly  illuminated  picture. 

1773.  Why  do  you  sec  the  reflection  of  two  candles, 
or  two  fires,  in  a,  looking-glass  or  window-pane,  though 
there  be  only  one  caadle  or  fire  in  the  room  ? 

A.  Because  each  surface  of  the  looking- 
glass  or  window-pane  makes  a  reflection. 

In  order  to  get  tlieae  two  n^floctionB,  jon  must  not  stand  direclly 
befora  the  glass,  but  a.  liltlc  od  odb  side. 

r  than 

A.  Because  the  light  of  the  moon  is  not 
BO  strong  as  the  light  of  the  sun ;  in  conse- 
quence of  which,  the  dispersed  and  reflected 
rays  of  the  moon  cannot  reduce  the  opacity 
of  shadow  so  much  as  the  more  intense  rays 
of  dispersed  and  reflected  daylight. 

"Th6  opacity  of  shadow,"— tbat  is,  tho  dnrkness  of  ehadow. 

1775.  Why  is  an  ink-spot  on  linen  black  when  first 

A.  Because  the  ink  produces  a  chemical 
change  in  the  internal  condition  of  the  fibres 
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of  the  linen,  by  which  it  loses  its  power  of 
reflecting  light;  and,  as  it  absorbs  the  rays 
of  the  sun,  the  spot  seems  black. 

The  black  eolur  of  iok  ia  a.  compound  of  (annio  acid,  seaquioiide 
of  irun,  and  water. 

1776.  Why  (Joes  the  black  iuk-spot  on  linen  turn 
yellow  after  a  few  days  ? 

A.  Because  the  compound  which  composes 
the  blackness  of  ink  is  destroyed  by  expo- 
sure to  air ;  and  the  linen  partially  recovers 
its  power  of  reflecting  colors,  but  with  a  pre- 
ference to  yellow  rays. 

Ihe  tannio  acii  nnd  nator  are  in  a  mciKurc  taken  up  by  the  air, 
and  the  oxide  of  iron  leavta  a  yellow  iron-mould  behind, 

mil  What  surfaces  reflect  light  best  ? 
A.  Smooth  and  polished  surfaces  are  the 
best  reflectors  of  light. 

I778>  Glass  is  a  smooth  aud  polished  surface:  is  it  a 
good  reflectur  of  light  ? 

A.  Glass  is  transparent,  and  therefore 
transmits  light;  -but  if  one  of  its  surfaces  be 
covered  with  amalgam,  the  light  cannot  pass 
through  it,  and  is  consequently  reflected. 

I779>  Why  are  some  substances  shining,  and  others 
dull? 

A.  Because  some  substances  reflect  rays, 
and  are  bright,  but  others  absorb  them. 

17$0>  Why  do  deserts  dazzle  from  sunshine  ? 

A.  Because  each  grain  of  sand  reflects  the 
rays  of  the  sun  like  a  mirror. 
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1781.  Why  is  a  raj  of  light  compo&cd  of  various 
iolors  ? 

A.  To  vary  the  color  of  different  objects, 
[f  solar  light  were  of  one  color  011I3',  all  ob- 
jects would  appear  of  that  one  color,  or  else 
black. 

1783(  Some  things  arc  of  one  color,  and  some  of 
another:  explain  the  cause  of  this. 

A.  Every  ray  of  light  is  composed  of  all 
the  colors  of  the  rainbow,  and  some  substances 
reflect  one  of  these  colors,  and  some  another. 

e  color,  and 


A.  Because  the  surfaces  are  differently  con- 
structed, both  physically  and  chemically. 

1784.  Why  is  a  rose  red  ? 

A.  Because  the  surface  of  a  rose  absorbs 
the  blue  and  yellow  rayb  of  light,  and  reflects 
only  the  red. 

1785.  Why  are  some  things  hlack  ? 

A.  Because  the_y  absorb  all  the  rayn  of 
light,  and  reflect  none. 

1788.  Why  are  some  things  white  ? 

A.  Because  they  absorb  none  of  tlie  lir/.-* 
of  light,  but  reflect  them  all. 
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1787.  Why  rre  the  leaves  uf  plants  green? 

A.  Because  a  peculiar  chemical  principle, 
called  chlorophyll,  formed  within  their  cells, 
has  the  property  of  absorbing  the  red  rays 
and  of  reflecting  the  blue  and  yellow, — 
which  mixture  produces  green. 


1788.  Why  are  leaves  light-green  in  spring? 

A.  Because  the  chlorophyll  is  not  fully 
formed. 

1789.  Why  do  leaves  torn  brown  in  autumn  ? 

A.  Because  the  chlorophyll  undergoes 
decay,  and  is  not  replaced  as  it  is  in  the 
spring. 

1790.  Why  do  the  lustres  of  a  diuiidelier  seem 
tinted  with  various  brilliaut  colors  ? 

A.  Because  each  "drop"  of  the  chande- 
lier is  so  cut  as  to  act  like  a  prism.  It  de- 
composes the  light,  and  reflects  the  different 
rays  from  its  different  points  or  angles. 

1791.  Why  do  all  thin^  appear  black  in  the  dark? 
A.  In  the  dark  there. is  no  color,  because 

there  is  no  light  to  be  absorbed  or  reflected, 
and,  therefore,  none  to  be  decomposed. 

"Colora  are  but  phnnloHia  of  Ibcday: 
With  that  thcj'ru  burn,  wilh  that  Ihej  f.^e  away : 
Like  beauly'a  ehormJ,  they  but  amufs  Ihe  eight. 
Dark  in  themselves,  tilt  by  retleotion  bright. 
With  the  sun'a  aid,  tc  rival  hiiu  they  boast. 
But,  liEbt  withdrawo,  in  tboir  owu  shadca  are  loet." 
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or  course,  in  iiertain  dBgrees  of  dntkness  nil  objects  are  actually  in- 
Tisililo.  The  question  refers  t"  that  peeuliar  degree  of  darkaeas  when 
tte  forms  of  objects  muy  be  Been,  but  Dot  their  bues. 

1792.  Why  does  a  blue  dregs  appear  green  by  candle- 
Hgbt? 

A.  Because  the  light  of  a  candle  is  tinged 
with  yellow ;  and  this  yellow  tinge,  mixing 
with  the  blue  color  of  the  dress,  produces 
green. 

A.  Because  chlorophyll  can  be  formed  only 
by  the  agency  of  the  sun's  rays ;  and  it  is 
this  peculiar  chemical  principle  which  gives 
the  green  tinge  to  healthy  leaves  and  plants. 

Some  plants  are  yellowish  green  from  the  some  cause. 

1794.  "VVhy  does  the  sun  generally  fade  artificial 
colors? 

A.  Generally,  the  loss  of  color  ari.ses  from 
the  oxidation  of  the  substances  used  in  dye- 
ing ;  as  tarnish  and  rust  are  an  oxidation  of 
metals. 

Sometimes,  however,  the  ingredients  of  the 
dye  are  otherwise  decomposed  by  the  sun ; 
and  the  color  (whieh  is  due  to  a  combination 
of  ingredients)  undergoes  a  change  as  soon 
as  the  sun  deranges  or  destroys  that  combiiia^ 
tion. 

1795.  If  we  look  at  a  red-hot  fire  for  a  few  minutes, 
why  does  every  thing  seem  tinged  with  a  bluish-green 
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A.  Because  bluish  green  is  the  "  accidental 
color"  of  red ;  and  if  we  fix  our  eje  upon 
any  color  whatsoever,  we  see  every  object 
tinged  with  its  accidental  color  when  we  turn 

aside. 

The  necidental  color  is  thv  color  nbich  nouUI  be  required  to  bs 


1796.  Why  does  the  eye  perceive  the  accidental  color 
when  the  fundamental  one  is  removed  ? 

A.  Because  the  nerve  of  the  eye  has  be- 
come tired  of  the  one,  but  sti.ll  remains  fresh 
for  the  perception  of  the  other. 

1797.  If  wewearhlne  ■ 
appear  tinged  with  orange  n 

A.  Because  orange  is  the  "  accidental  color" 
of  blue;  and  if  we  look  through  blue  glasses, 
we  shall  see  its  "accidental  color"  when  we 
lay  our  glasses  aside. 

1798>  If  we  looli  at  the  sm  for  a  few  moments,  every 
thing  seems  tinged  with  a  dark  violet  color :  why  is  this '/ 

A.  Because  dark  violet  is  the  "  accidental 
color"  of  yellow;  and,  as  the  sun  is  yellow, 
we  shall  see  its  "  accidental  color,"  dark  violet, 
when  ive  turn  from  gazing  at  it. 
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1799.  Does  not  the  dark  shadow  which  secmB  to  hang 
over  ovcry  thing  after  we  turn  from  looking  at  the  sud 
arise  from  our  eyes  being  dazzled  ? 

A.  Partly  so :  the  pupil  of  tlie  eye  is  very 
much  contracted  by  the  brilliant  light  of  the 
sun,  and  does  not  adjust  itself  immediately  to 
the  feebler  light  of  terrestrial  objects;  but, 
independent  of  this,  the  "  accidental  color" 
of  the  sun,  being  dark  violet,  would  tend  to 
throwashadowuponallthings.    {SeeQ.  1791.) 

The  law  of  sctidental  color  ii  thii  :— Tho  acciddilBl  rcil.ir  is 
always  half  tbo  spcctnim.  Thua,  if  we  take  halt  Ibe  lengtb  of  the 
Bpectnim  fcy  a  pair  of  eompaaBea,  Find  fii  one  leg  in  any  color,  Ihe 
othoT  leg  will  hit  upon  its  afcidcntul  c#lor. 

The  epeetrum  means  the  seven  (■olnre,  (red,  orange,  yellow,  gre«n, 
blue,  indigo,  and  violet.)  divided  into  seven  equal  bands,  and  plaeeU 
side  hy  side  in  the  order  juit  mentioned. 
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PART  VII. 

SOUND,  AND  ATTRACTION. 


CHAPTER  I— TRANSMISSION  OF  SOUND. 

1800.  liow  is  sound  produced? 

A.  The  vibration  of  some  sonorous  sub- 
stance produces  motion  in  the  air,  calleil 
sound-waves,  which  strike  upon  tlie  ear  and 
gi^'e  the  sensation  of  sound. 

1801.  How  last  does  sound  travel  ? 

A.  About  13  miles  in  a  minute,  or  1125 
feet  in  a  second  of  time. 

Light  would  go  180  timo9  round  tho  wholo  earth  wliile  souDd  was 
going  13  miles. 

1802.  What  are  sonorous  bodies  ? 

A.  Bodies  which  produce  sound  are  called 
sonorous  bodies. 

1803.  Why  are  some  things  sonorous,  and  others  not  ? 
A.  The  sonorous  quality  of  any  substance 

depends  upon  its  hardness  and  elasticity. 
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A.  Smooth  surfaces,  such  as  ice,  watcfj  or 
hard  ground. 

18ft5.  What  plan  do  savages  adopt  to  hear  the  ap- 
proach of  au  enemy  or  beasts  of  prey  ? 

A.  They  place  their  ears  to  the  ground, 
and  by  this  means  can  distinguish  clearly  the 
approach  of  an  enemy. 

I806t  Why  do  windows  rattle  when  carts  pass  by 

A,  1st.  Because  glass  is  sonorous,  and  the 
air  communicates  its  vibrations  to  the  glass, 
which  echoes  the  same  sound ;  and, 

2d.  The  window-frame  being  shaken,  con- 
tributes to  the  noise. 

Window-framea  ura  al 
them  ;  2.  By  a  vibrator 
sf  tbe  huuao. 

ISOI't  Why  are  copper  and  iron  sonorous,  and  not  lead  ? 

A.  Copper  and  iron  are  hard  and  elastic ; 
but,  as  lead  is  neither  hard  nor  elastic,  it  is 
not  sonorous. 

1808.  Of  what  is  hell-metal  mnde? 

A.  Of  copper  and  tin. 

1809<  Why  is  a  misture  of  tin  and  copper  used  fof 
bell-metal  ? 

A.  Because  it  is  much  harder  and  more 
elastic  than  either  of  the  pure  metals. 

181©.  Why  do  we  hear  a  bell  if  it  be  struck  ? 

A,  The  bell  vibrates,  and  in  ita  agitation 
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compresaes  the  air  to  a  certain  distance 
ai-Qund  it,  at  each  vibration.  The  com- 
pressed air  instantly  expands,  and  in  doing 
so  repeats  the  pressure  on  the  air  next  in 
contact  with  it,  and  so  on, — as  a  pebble 
thrown  into  still  water  makes  waves  all 
around  it, — diminishing  in  force  the  more 
distant  they  are  from  the  original  stroke. 
The  air  thus  agitated  reaches  the  ear,  where 
a  similar  impulse  is  given  to  a  very  delicate 
membrane,  and  the  mind  then  receives  the 
impression  of  sound, 

ISlli  How  can  a  bell,  which  is  soliJ,  be  said  to 
vibrate  ? 

A.  Altliough  the  metal  of  v/hich  the  bell 
is  composed  is  solid,  it  actually  changes  its 
form  every  time  it  is  struck,  and  its  particles 
are  thereby  thrown  into  motion. 

I812t  Why  13  the  somiJ  of  a  bell  stopped  by  touch 
ing  the  bell  with  our  fii.gev  ? 

A.  Because  the  weight  of  our  finger  stops 
the  vibrations  tvf  the  bell ;  and  as  soon  as 
the  bell  ceases  to  vibrate,  it  ceases  to  make 
sound-waves  iri  the  air. 

ISlSi  After  wriking  a  finger-glass,  why  is  tbe  sound 
silenced  upon  touching  the  glass  with  the  finger  ? 

A.  Because  the  pressure  of  the  finger 
stops  the  vibrations  of  the  glass ;  and  as 
soon  as  the  finger-glass  ceases  to  vibrate,  it 
ceases  to  make  sound-waves  in  the  air. 
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1814.  Why  does  a  split  bell  make  a  harsh,  ^igagree- 
able  sound  ? 

A.  Because  the  split  of  the  bell  rauses  a 
double  vibration  ;  and,  as  the  sound-wavea 
clash  and  jar,  they  impede  each  other's  mo- 
tion and  produce  discordant  sounds. 

18l5t  Why  can  persons  living  a  mile  or  two  from  a 
town  hear  the  bells  of  the  town-churches  sometimes,  and 
not  at  others? 

A.  Because  fogs,  rain,  and  snow  obstruct 
the  passage  of  sound  by  interfering  with  the 
undulations  of  the  sound-waves;  but  when 
the  air  is  cold  and  clear,  sound  is  propagated 
more  easily. 


A.  Because  the  air  is  of  more  uniform  den- 
sity, and  there  are  fewer  currents  of  air  of 
unequal  temperature  to  interrupt  the  sound- 
waves. 

I817>  Why  can  persons  near  the  poles  hear  the  voices 
of   men  in   conversation   for  a  mile  distant  in  winter- 

A.  Because  the  air  is  very  cold,  clear,  and 
still ;  in  consequence  of  which,  there  are  but 
few  currents  of  air  of  unequal  temperature 
to  interrupt  the  sound-waves. 

Cttptain  Boss  heard  the  voices  of  his  men  in  ponveraation  n  milt 
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ISIS.  Why  are  not  sounds  such  as  those  of  distant 
church-bells  heard  so  distinctly  on  a  hot  day  as  in  frosty 
weather  ? 

A.  1st,  Because  the  density  of  the  air  ia 
less  uniform  in  verj  hot  weather; 

2d.  The  air  is  more  rarefied,  and,  conse- 
quently, a  worse  conductor  of  sound;  and, 

3d.  It  is  more  liable  to  accidental  cur- 
rents, which  impede  the  progress  of  sound. 

I819«  How  do  yau  know  that-  rarefied  air  cannot 
transmit  sound  so  well  as  dense  air  ? 

A.  Because  the  sound  of  a  bell  in  the  re- 
ceiver of  an  air-pump  can  scarcely  be  heard 
after  the  air  has  been  partially  exhausted ; 
and  the  report  of  a  pistol  fired  on  a  high 
mountain  would  be  scarcely  audible. 

1820.  Why  does  the  sea  lieave  and  sigh  just  pre- 
vious to  a  storm  ? 

A.  Because  the  density  of  the  air  is  very 
suddenly  diminished,  and  therefore  its  power 
to  transmit  sound  is  diminished  also ;  in  con- 
sequence of  which,  the  roar  of  the  sea  is  less 
audible,  and  seems  like  heavy  sighs. 

1$3I>  Why  is  the  air  so  universally  quiet  just  pre- 
vious to  a  t«nipcst  ? 

A.  Because  the  air  is  suddenly  and  verj' 
greatly  rarefied,  and  therefore  its  power  tt> 
transmit  sound  is  diminished. 

1822.  Why  do  wo  hear  sounds  hctter  by  night  than 


,y  Google 


TRAKSMISSION    OF   SOUND.  40] 

A.  ist.  Because  night  air  is  of  more  uni- 
form density,  and  less  liable  to  accidental  cur- 
rents; and, 

2d.  Night  is  more  still,  from  the  suspen- 
sion of  business. 

l$33i  Why  is  the  air  of  more  uniform  density  by 
night  than  it  is  by  day  ? 

A.  Because  it  is  less  liable  to  accidental 
currents ;  inasmuch  as  the  breezes  (created 
by  the  action  of  the  sun's  rays)  generally  cease 
during  the  night. 

1821.  How  should  partition- walls  be  made,  iD  order 
to  prevent  the  voices  in  adjoining  rooms  from  being 
heard? 

A.  The  space  between  the  laths  should 
be  filled  with  shavings  or  saw-dust-,  and  then 
no  sound  would  ever  pass  from  one  room  to 
another. 

I825>  "Why  would  shavings  or  saw-dust  prevent  the 
transmission  of  sound  from  room  to  room  ? 

A.  Because  there  would  be  several  differ- 
ent media  for  the  sound  to  pass  through: — 
let,  the  air;  2d,  the  laths  and  plaster;  3d, 
the  saw-dust  or  shavings;  4th,  lath  and 
plaster  again;  5th,  the  air  in  the  adjoining 
room:  every  change  of  medium  diminishes 
the  strength  of  the  sound-waves. 

1826.  Why  can  deaf  people  hear  through  an  ear- 
trumpet  ? 

A.  Because  the  ear-trumpet  contracts  the 
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diameter  of  the  sound-waves ;  in  consequenct 
of  which,  their  strength  is  increased. 

1827.  What  is  a  stethoscope  i* 

A.  It  is  an  instrument,  resembUng  a  small 
trumpet,  used  for  ascertaining  the  action  of 
the  lungs.  The  wide  mouth  is  applied  to 
the  body,  and  the  other  end  is  held  to  the 
ear  of  the  physician,  who  can  hear  distinctly 
the  action  of  the  lungs,  and  judge  whether 
they  be  healthy  or  the  reverse, 

I828»  Why  does  sound  seem  louder  in  caves  than  r>\, 
.pl.m? 

A.  Because  the  sides  of  the  cave  confine 
the  sound-waves  and  prevent  their  spreading; 
in  consequence  of  which,  their  strength  is 
greatly  increased. 

1829.  Why  are  the  summits  of  high  moutikiins  more 
quiet  than  plains  ? 

A.  Because  the  air  is  greatly  rarefied  at 
some  distance  above  the  general  surface  of 
the  earth,  and,  as  the  air  becomes  rarefied, 
Bound  becomes  less  intense. 

1830.  How  do  you  know  that  the  rarity  of  air  dimi- 
nishes the  intensity  of  sound  ? 

A.  If  a  bell  be  rung  in  the  receiver  of 
an  air-pump,  the  sound  becomes  fainter  and 
fainter  as  the  air  is  exhausted,  till  at  last 
it  is  almost  inaudible. 

ISSli  A  person  situated  at  llic  extremity  of  a  wir" 
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600  feet  iu  length  will  hear  the  same  sound  twice.     Ex- 
plain this. 

A.  The  sound  is  transmitted  through  the 
wire  and  through  the  air ;  but  the  air  is  not 
so  good  a  conductor  of  sound  as  the  iron 
wire :  therefore,  while  it  passes  along  the 
wire  almost  instantaneously,  it  requires  some 
time  to  travel  the  same  distance  through  air. 
1832.  Can  souQd  he  heard  through  water  ^ 
A,  Yes  :  a  bell  rung  under  water  can  be 
heard  above ;  and  if  the  head  of  the  auditor 
be  under  water  at  the  time,  it  can  be  still 
more  distinctly  heard.  It  is  not,  however, 
so  loud  and  clear  as  when  rung  in  the  air. 

ISSSi  If  from  au  eniiDencc  you  look  down  upon  t. 
long  column  of  soldiers  inarching  to  a  hand  of  music  ir. 
front,  those  in  the  rear  will  be  seen  to  step  a  little  lafer 
than  those  some  distance  before  them.  Can  you  explain 
the  reason  of  this? 

A.  Each  rank  steps,  not  when  the  sound 
is  made,  but  when,  in  its  progress  down  the 
column  at  the  rate  of  1125  feet  in  a  second 
of  time,  it  reaches  their  ears.  Those  who 
are  near  the  music  hear  it  first,  while  those 
at  the  end  of  the  column  must  wait  until  it 
has  travelled  to  their  ears  at  the  above  rate. 

I831.  Why  does  a  railway-train  make  more  noiso 
when  it  passes  over  a  bridge  than  when  it  runs  over  solid 
ground  ? 

A.  Because  the  bridge  is  elastic,  and  vi- 
brateM  irmch  more    from  the  weight  of  tlic 
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train  than  the  soHd  earth ;  in  consequence 
of  which,  it  produces  more  definite  sound- 
waves, 

Tha  bridge  acts  at  a  soiinding-board ;  and  the  water  or  earth  bplow 
ih«  bridge  repeats  tha  auund. 

1835.  Why  can  souDds  be  heard  in  a  calm  day  at  a 
greater  distance  on  the  sea  tlian  on  land  ? 

A.  1st.  Because  the  air  over  the  sea  is 
generally  denser  and  more  laden  with  moist- 
ure than  the  air  over  the  land ; 

2d.  The  density  is  more  uniform  ;  and, 
3d.  Water  being  more  elastic  than  land,  it 
is  a  better  propagator  of  sound. 

SEOnOH  L-MIISICAL  BOTHTDS. 

1836.  What  are  musical  sounds? 

A.  Regular  and  uniform  successions  of  vi- 
brations. 

IS37i  What  is  the  difference  between  a  musical  sound 
and  a  mere  noise? 

A.  All  mere  noises  are  occasioned  by  irre- 
gular impulses  communicated  to  the  ear ;  but, 
in  order  to  produce  a  musical  sound,  the  im- 
pulses, and,  consequently,  the  undulations  of 
the  air,  must  be  all  exactly  similar  in  durar 
tion  and  intensity,  and  must  recur  after  ex- 
actly equal  intervals  of  time. 

1838.  Do  all  persons  hear  sounds  alike  ? 
A.  No :  that  faculty  seems  to  depend  upon 
the  sensibility  of  the  auditory  nerves. 

■■  Auditory," — having  the  power  of  bearing. 
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1839>  What  are  the  boundaries  of  human  hearing? 

A,    The  whole  range  of  human  hearing, 

from  the  lowest  note  of  the    organ  to  the 

highest    known    cry    of  insects, — as  of  the 

cricket, — includes  about  nine  octaves. 

All  eara,  liuwever,  are  by  nn  mrnns  giflcd  wifh  so  great  a  ranga  of 
hcjiring;  man;  persons,  tbuugb  out  at  all  deaf,  ure  quite  insensible  to 
tlie  highest  notes  of  suwe  ioaects. 

ISlOi  How  many  vibrations  of  a  musical  chord  are 
necessary  to  produce  a  definite  sound  ? 

A.  "When  the  vibrations  are  less  than  six- 
teen in  a  second  of  time,  a  continued  sound 
cannot  be  communicated  to  the  ear. 

1811.  How  many  vibrations  is  the  human  ear  able  to 
appreciate  ? 

A.  The  human  ear  is  capable  of  appreciate 
ing  as  many  as  twentj-four  thousand  vibra- 
tions in  a  second  of  time,  anil  is,  consequently, 
able  to  hear  a  sound  which  only  lasts  the 
twenty-four  thousandth  part  of  a  second  ! 

I842>  Why  are  some  notes  bass,  aadsome  treble? 

A.  Because  slow  vibrations  produce  basa 
or  deep  sounds;  but  quick  vibrations  produce 
shrill  or  treble  ones. 

I843>  Why  do  flutes,  &c.  produce  musical  sounds? 

A.  Because  the  breath  of  the  performer 
causes  the  air  in  the  flute  to  vibrate ;  and 
this  vibration  sets  in  motion  the  sound-waves 
of  the  air. 
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A.  Because  the  vibrations  are  too  slow ; 
in  consequence  of  which,  the  sounds  pro- 
duced are  not  shrill  or  sharp  enough. 

BEOTIOH  n.-ECHO, 

1845.  What  is  echo? 

A.  Echo  is  reflected  sound. 

1846.  What  is  the  cause  of  echo? 

A.  Whenever  a  sound-wave  strikes  against 
any  obstacle,  such  as  a  wall  or  hill,  it  is  re- 
flected, or  thrown  back;  and  this  reflected 
sound  is  called  an  echo. 

1847.  What  places  are  most  noted  for  echoes? 

A.  Caverns,  grottoes,  and  ruined  abbeys ; 
the  areas  of  halls;  the  windings  of  long 
passages ;  the  aisles  of  cathedral-churches ; 
mountains  and  icebergs. 


1848.  Why  are  caverns,  grottoes,  and  ruins  noted  for 
eohoes  ? 

A.  Because  the  sound-waves  cannot  pass 
beyond  the  cavern  or  grotto,  and  therefore 
must  flow  back. 

I849i  Why  do  halls,  winding  passages,  and  eathedral- 
aisles  produce  echoes  ? 

A.  Because  the  sound-waves  cannot  flow 
freely  forward,  but  perpetually  strike  against 
\he  walls,  and  are  beaten  hack. 
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I850i  Why  arc  mountains   and    iecberga  noted    for 

A.  Because  they  present  a  barrier  to  the 
sound-waves,  which  they  cannot  pass,  and 
are  sufficiently  elastic  to  throw  them  back. 

185l>  Why  do  not  the  walls  of  a  small  room  produca 

A.  Because  sound  travels  with  such  velo- 
city that  the  echo  is  blended  with  the  original 
sound,  and  the  two  produce  but  one  impres- 
sion on  the  ear. 

Sound  travela  iLirlecn  miles  in  n  minute;  and  no  e^ho  is  heard 
from  tho  plai;o  whence  tba  auund  originally  proceeded. 

1852t  Why  do  very  large  buildings  (as  cathedrals) 
often  reverberate  tho  voice  of  the  speaker? 

A.  Because  the  walls  are  so  far  off  from 
the  speaker  that  the  echo  does  not  return  in 
time  to  blend  with  the  original  sound,  and 
therefore  each  sound  is  heard  separately, 

185S.  Why  do  some  echoes  repeat  only  one  syllable? 

A.  Because  the  echoing  body  is  very  near. 
The  farther  the  echoing  body  is  off,  the  more 
sound  it  will  reflect:  if,  therefore,  it  be  very 
near,  it  will  repeat  but  one  syllable. 

I854i  Why  does  an  echo  sometimes  repeat  two  or 
more  syllables  ? 

A,  Because  the  echoing  body  is  far  off, 
and  therefore  there  is  time  for  one  reflection 
to  pass  away  before  another  reaches  the  ear. 
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seeonde  of  time,  and  hears  thoxn  all  ccboed,  the  rcEecting  ot>|cet  ii 
1125  feet  diatanl,— beoaase  Buund  travels  1125  feet  in  a  siioond.  bd4 
the  words  take  one  second  to  go  to  the  reaectiug  object,  and  one  teuond 

I855»  Why  are  two  or  more  echoes  sometimes  heard  ? 

A.  Because  separate  reverberating  surfaces 

receive  the  sound  and  reflect  it  in  succession. 

Seventeen  miles  abovi;  Glasgow,  (Scotland,)  near  a  mansion  called 
Rosneath,  is  a  very  remurkable  echo.  If  a  trumpeter  plays  a  tune 
and  slops,  the  echo  will  begin  the  sams  tune  and  repeat  it  all  aoou- 
ratalj ;  as  soon  as  tbia  echo  has  ceased,  anutlier  will  eeho  the  eame 
tune  in  a  toner  Cone;  and  aft£r  tbe  second  echo  has  ceased,  a  third 
will  succeed  with  equal  fidelity,  (hough  in  a  much  feebler  tone. 

At  the  Lake  of  Killaroey,  in  Ireland,  there  is  an  echo  which  plays 
an  excellent  "  second"  to  any  simple  tune  played  on  a  bugle. 


1858,  What  causes  the  murmuring  sound  produced 
by  the  discharge  of  great  guns  ? 

A.  Tlie  murmuring  sound  is  a  succession 
of  echoes  from  the  particles  of  vapor  floating 
in  the  atmosphere ;  and  when  the  discharge 
is  effected  under  a  dense  cloud,  the  echoes  are 
stronger,  reaembUng  rolling  thunder. 


CHAPTER  II.— ATTRACTION. 

1857>  What  ia  the  meaning  of  the  word  attraction? 

A.  It  denotes  the  power  or  principle  by 
■n-hich  all  bodies  mutually  tend  toward  each 
other. 

IS58>  How  many  kinds  of  attraction  are  there  ? 

A.  There  are  two  kinds  of  attraction, — 
that  which    acts    at  all  distances,  however 
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great,  and  that  which  acts  at  very  :^mall  or 
insensible  distances. 

SECnOH  I,-GEAVITATIOS. 
18d9>  What  is  that  attraction  called  which  acta  at 
great  distances? 

A.  The  attraction  of  gravitation. 

Eleatricalaud  tuagDetk  aUractloas  also  act  at  considerable  distances 

1860>  All  hodies  tend  toward,  or  are  attracted  by,  the 
earth  ;  is  the  earth  attraiCted  hy  them  also  f 

A.  Yes  :  the  attraction  is  mutual ;  but,  as 
the  earth  is  so  much  larger  than  any  body 
on,  or  near,  its  surface,  the  only  perceptible 
attraction  is  that  produced  by  the  earth. 

1861.  What  is  this  attraction  called  ? 

A.  It  is  called  the  attraction  of  gravitation. 

It  IB  tho  aWraotioo  iif  gravUatioii,  aombined  with  other  causes,  which 
UTTiea  tho  earth  aad  planets  round  the  ^n. 

SEOTiOH  n.-CEtrTSi;  OP  GKAvnr, 

(882.  What  is  the  centre  of  gravity  ? 

A.  The  centre  of  weight ;  in  other  words, 
that  point  on  which  if  supported  the  body 
would  balance  itself. 

1$63>  Where  is  the  centre  of  gravity  in  man? 

A.  The  centre  of  gravity  in  man  lies  be- 
tween the  hips.  The  base  is  the  space  be- 
tween his  feet, 

1864.  Why  does  an  old  man  use  a  cane  when  he  walks? 

A.  To  enlarge  his  base,  and  prevent  the 

line  of  direction  from  falling  outside  the  base. 
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1865.   What  is  meant  by  the  base  of  a  body  ? 

A.  The  lowest  part  or  side  of  a  body. 

I86«.  AVhat  is  the  line  of  directiou  ? 

A.  The  line  drawn  from  the  centre  of  gra 
vity  toward  the  centre  of  the  earth. 

|867i  How  eao  jou  find  the  centre  of  gravity  in  an 
irregularly-shaped  body  ? 

A.  First  suspend  it  from  a  point,  as  at  a, 
(fig  48,)  and  at  the  same  point  suspend  a 
plumb-line  c,  when  both  board  and  line  will 
hang  in  the  position  represented  in  the  figure. 
Having  marked  this  line,  let  it  be  suspended 
from  another  and  different  point,  as  in  fig.  49, 
and  the  perpendicular  line  indicated  by  the 
plumb  again  marked.  The  point  where 
these  two  lines  so  marked  cross  each  other  is 
the  centre  of  gravity  of  the  body,  as  seen  in 
ig.  50. 

Tig.  48.  Fig.  4a.  Fig.  50. 


of  graTily  of 

illiDg.      I'bus, 

Id  by  a  bar,  tho 


When  two  or  moro  bodies  sre  connectod,  tho  i 
the  two  is  tho  point  on  vhich  they  will  balance  wit) 
if  two  balla,  eBoh  ireighing  four  pouniJa,  bo  oonr 
ceotre  of  grUTity  will  bfi  a  point  on  the  bar  equally  distuu*  iiuu^  tuvn. 
But  if  one  of  tlie  balls  be  beavier  than  the  other,  the  contra  of  gravity 
will,  in  proportion,  approach  the  larger  ball.  This  is  illustrated  by 
fig.  51,  in  which  the  centre  of  gravity  about  which  the  two  balU  Eup- 
BOiC  theiDBetTea  is  seBQ  tti  be  neatest  the  heaiisat  and  largest  ball. 
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G- 


g  from  a  chair  bend 

A.  When  a  person  is  sitting,  the  centre  of 
gravity  is  supported  by  the  chair ;  in  an  erect 
position,  the  centre  of  gravity  is  supported 
by  the  feet :  therefore  before  rising  it  is  neces- 
sary to  change  the  centre  of  gravity,  and  by 
bending  forward  wo  transfer  it  from  the  chair 
to  a  point  over  the  feet, 

1869.  Why  does  a  quadruped  never  raise  both  feet 
on  the  same  side  simultaneously  ? 

A.  Because,  if  it  did,  the  centre  of  gravity 
would  be  unsupported,  and  the  animal  would 
fall  over. 

1870.  Why  is  a  turtle  placed  upon  its  back  unable  to 

A-  Because  the  centre  of  gravity  of  the 
turtle  is,  in  this  position,  at  the  lowest  point, 
and  the  animal  is  unable  to  change  it :  there- 
fore it  is  obliged  to  remain  at  rest. 

1871.  Why  does  a  person  carrying  a  weight  upon  hia 
back  stoop  forward  ? 

A,  In  order  to  bring  the  centre  of  gravity 
of  his  body  and  the  load  over  his  feet. 
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of  tbe  figure  at  A,  be  ironM 
centre  of  gravity  would  fall 
of  BTiiTity  over  his  feet,  h* 


I872i  Why  is  it  more  difficult  to  overthrow  a,  body 
having  a  liroad  tase  than  one  restiog  upon  a  narrow  basisf 

A.  Because  a  body  cannot  fall  over  so  long 
as  a  line  directed  from  the  centre  of  gravity 
vertically  toward  the  surface  upon  which  tlie 
body  rests,  falls  within  the  figure  formed  by 
the  base  of  the  body  in  question.  Hence, 
the  broader  the  base  of  a  body,  the  more 
securely  it  will  stand. 

1S73<  How  long  will  a  wall  or  tower  stand  securely? 

A.  So  long  as  the  perpendicular  line  drawn 
through  its  centre  of  gravity  falls  within  its 


The  oelebratsd  Leaning  Tower  of  Pisa,  ttiree  hundred  and  (ifteeii 
feet  high,  with  an  inclination  ftom  the  perpendicular  of  twelre  feet,  is 
an  example  of  this  law.  For  inBlanee,  tlie  line  in  fig.  54,  from  (ha 
■ummit  to  the  ground,  passing  thronsh  the  centre  of  graritj,  falls 
witbiB  the  base,  and  the  toner  stands  seourely  i  but  auppoae  an  attempt 
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Fig.  54. 


Ihroagh  the 


SECTIOIf  n.-C0HES10N  AND  ADHESIOH, 
1874.  What  is  that  attraction  called  w'uch  acta  only 
at  email  distances  ? 

A.  The  attraction  of  cohesion, — which  is 
the  attraction  between  particles  of  the  same 
substance.  For  example,  the  particles  of  the 
table  or  inkstand  are  attracted  or  united  by 
cohesion. 

1875i  When  particles  of  different  substances  are  at- 
tracted to  each  other,  what  is  that  attraction  called  ? 

A.  It  is  called  adhesion. 

1876.  Give  an  example  of  adhesion. 

A.  When  water  is  poured  on  a  piece  of 
glass,  it  is  said  to  adhere  to  the  glass, — the 
water  and  glass  being  different  substances. 


,y  Google 


COHESION    AND   ADHESION. 

s  of  brick 

A.  Because  the  wet  mortar  adheres  to  the 
bricks,  and  when  it  becomes  dry  its  particles 
cohere  so  strongly  as  to  become  one  solid 
mass. 

I878i  Why  could  not  blocks  of  iron  or  acy  other 
metal  be  cemented  together  by  mortar  ? 

A.  Because  all  metals,  being  good  conduc- 
tors of  heat,  readily  expand  and  contract  with 
changes  of  temperature.  This  expansion  and 
contraction  breaks  the  mortar  and  prevents 
its  adhesion. 

I879>  Why  does  not  the  mortar  break  between  bricks? 

A.  Because  bricks  are  bad  conductors  of 
heat,  and  do  not  expand  so  much  as  blocks 
of  metal. 

1880.  Wliy  do  the  bubbks  in  a  cup  of  tea  follow  the 

A.  Because  the  spoon,  being  the  superior 
mass,  attracts  them.  The  bubbles  will  also 
be  attracted  to  the  sides  of  the  cup. 

I881t  Why  are  the  sides  of  a  pood  often  covered  with 
leaves  ? 

A.  Because  the  shore  attracts  them. 

1882.  Why  can  you  fill  a  glass  with  water  above  its 

A.  Because  the  particles  of  water  are  kept 
from  flowing  over  by  the  attraction  of  cO' 
hesion  exerted  between  them. 
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SEOTIOS  in.-CAPIIJ^ET  ATTEAOTIOK. 
l88St   What  is  capillary  attraction? 

A.  The  power  which  very  minute  tubes 
possess  of  causing  a  liquid  to  rise  in  them 

above  its  level. 

Fig.  55. 


C»piU»rj,  from  the  Latin  cnpillas,  a  boir, 
— tfiB  tubes  refcmsd  to  being  Hlmuat  aa  fioe 
83  a  hair.  The  Bantller  the  lahe,  Iha  higher 
the  flaid  will  rise  in  it.     Fig.  65  illnstrfttea 


1884.  Why  does  water  melt  salt  and    ii„ar  ? 

A.  Because  the  water  insinuit^  s  itself  into 
the  pores  of  the  sugar  and  salt  by  capillary 
attraction,  and  forces  the  particles  of  sugar 
or  salt  to  separate. 

1885.  Why  is  vegetation  on  the  mai^in  of  a  river 
more  luxuriant  than  in  an  open  field  ? 

A.  Because  the  porous  earth  on  the  bank 
draws  up  the  water  by  capillary  attraction, 
and  by  that  means  nourishes  the  roots  of  the 
plants. 

1886.  Why  will  water  poured  into  the  saucer  of  a 
flower-pot  resuscitate  the  plant  in  the  pot  ? 

A.  Because  the  water  in  the  saucer  is 
drawn  up  into  the  earth  in  the  pot  by  capil- 
lary attraction.     The  same    attraction    also 
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conveys  the  moisture  into  the  stem  and  leavea 
of  the  plant. 

1887.  If  a  drop  of  liquid  be  spilled  on  the  table- 
cloth, why  will  it  spread  in  all  directioQs  ? 

A.  Because  tlie  threads  of  the  cloth  absorb 
the  water  by  capillary  attraction. 

1888.  If  a  bowl  be  filled  with  water,  how  may  it  be 
emptied  of  its  contents  by  capillary  attraction  ? 

A.  By  placing  the  corner  of  a  towel  of 
sufficient  size  into  the  bowl :  the  liquid  will 
rise  through  the  threads  of  the  towel  by  ca- 
pillary attraction,  and  after  a  time  the  bowl 
will  be  empty. 

I889i  Why  does biotting-paper  absorb  ink? 

A,  Because,  owing  to  the  loose  texture  of 
the  paper,  the  minute  fibres  draw  up  the  ink 
by  capillary  attraction. 

18»©.  Why  will  not  common  writing-paper  absorb 
ink  as  well  as  blotting-paper? 

A,  Because  the  sizing  which  is  put  on  the 
surface  of  writing-paper  fills  up  the  inter- 
stices between  the  fibres,  and  prevents  capil- 
lary attraction. 

1891.  What  occasions  the  rise  of  water  or  other  liquids 
in  small  tubes  ? 

A.  The  attraction  between  the  liquid  and 
the  walls  of  the  tube. 

i  higher  in  a  tube  of 

A.  Because  in  a  small  tube  the  sides,  being 
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Fig.  67. 


I896t  Why,  in  a  barometer,  is  the  top  of  tho  column 
of  mereury  convex  or  oval  ? 

pig,  58.  ^    Because,  owing  to    the   re- 

pulsion between  the  glass  and  the 
mercury,  the  latter,  when  it  comes 
in  contact  with  the  glass,  is  de- 
pressed ;  which  leaves  the  central 
part  of  the  top  of  the  column  of 
mercury  the  highest,  as  is  shown 
in  fig.  58. 

IS97.  Why  will  water,  ink,  or  oil,  coming  in  contact 
with  the  edge  of  a  book,  soak  farther  in  than  if  spilled 
upon  the  sides  ? 

A.  Because  the  space  between  the  leaves 
acts  in  the  same  manner  as  a  small  tube 
would, — attracts  the  fluid,  and  causes  it  to 
penetrate  far  inward.  The  fluid  penetrates 
with  more  difficulty  upon  the  side  of  the  leaf, 
because  the  pores  in  the  paper  are  irregular, 
and  not  continuous  from  leaf  to  leaf. 
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great,  and  that  which  acts  at  very  :^mall  or 
insensible  distances. 

SECTION  I,-GEAVITATIOS. 
[859>  What  h  that  attraction  called  whiel)  acta  at 
great  distances  ? 

A.  The  attraction  of  gravitation. 

Eleatricaland  tuagDetk  aUractloas  also  act  at  considerable  distances 

[860>  All  bodies  tend  toward,  or  are  attracted  by,  the 
earth  :  is  the  earth  attraiCted  by  them  also? 

A.  Yes  :  the  attraction  is  mutual ;  but,  as 
the  earth  is  so  much  larger  than  any  body 
on,  or  near,  its  surface,  the  only  perceptible 
attraction  is  that  produced  by  the  earth. 

I86ii   What  is  this  attraction  called  ? 

A.  It  is  called  the  attraction  of  gravitation. 

uTTiea  tbo  eartli  aod  plaaets  round  the  bad. 

SEOTIOH  n.-CEtrTBE  OP  GKAVITT, 

1882.  What  is  the  centre  of  gravity  ? 

A.  The  centre  of  weight ;  in  other  words, 
that  point  on  which  if  supported  the  body 
would  balance  itself. 

lS63i  Where  is  the  centre  of  gravity  in  man? 

A.  The  centre  of  gravity  in  man  lies  be- 
tween the  hips.  The  base  is  the  space  be- 
tween his  feet, 

1861.  Why  does  an  old  man  use  a  cane  when  he  walks? 

A.  To  enlarge  his  base,  and  prevent  the 
line  of  direction  from  falling  outside  the  base. 
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3898.  Why  does  dry  wood  swell  when  immersed  in 

A.  Because  the  water  enters  the  pores  of 
wood  by  capillary  attraction,  and  forces  the 
particles  farther  apart  from  each  other. 

1899.  Why  may  an  immense  mass,  suspended  by  a 
dry  rope,  be  raised  a  little  way  by  merely  wetting  the 

A.  Because  the  moisture  imbibed  into  the 
substance  of  the  rope  by  capillary  attraction 
causes  it  to  swell  laterally,  and  to  become 

shorter. 


CHAPTER  II.~SPECIFIC  GRAVITY. 

I900i  What  is  meant  by  specific  gravity? 

A.  It  denotes  the  weight  of  a  body,  as 
compared  with  the  weight  of  an  equal  bulk 
of  some  other  body  taken  as  a  standard. 

1901.  What  body  is  coinmonlj  used  as  a  standard  ? 

A.  The  standard  commonly  used  is  dis- 
tilled water  at  the  temperature  of  60°  of  Fahr- 
enheit. A  cubic  foot  of  water  of  this  tempe- 
rature weighs  exactly  one  thousand  ounces. 


AcDbicfoolofanyliqui 

d  ia  the  quantity  which  eonld  be 

a  vessel  whose  inner  s 

inrfaee  would  measure  exactly  oi 

light,  one  foot  in  length, 

and  one  foot  in  depth. 

1902.  Why  will  a  piece  of  cork  float  on  water? 
A.  Because  the  specific  gravity  of  the  cork 
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is  less  than  that  of  the  water.  In  other  words, 
a  quantity'of  water  equal  in  bulk  to  the  piece 
of  cork  would  weigh  heavier  than  the  cork. 
a  of  the   lork  sink  below  the 

A.  Yes :  about  one-fourth  part  of  the  cork 
will  sink  below  the  surfaceof  the  water;  that 
is,  the  cork  will  displace  a  portion  of  water 
equal  in  weight  to  the  whole  piece  of  cork. 
The  bulk  of  water  thus  displaced  would  mea- 
sure about  one-fourth  part  the  bulk  of  the 
cork. 

l9D4i  A  lump  of  tin  weighing  a  pound,  if  thrown 
into  the  water,  would  sink  :  how  could  the  same  quantity 
of  tin  be  made  to  swim  ? 

A.  By  increasing  the  extent  of  its  surface, 
or,  in  other  words,  its  bulk. 

On  thiaprinclplolargo  iron  Bleamers  are  made  to  finat.  The  weight 
of  the  vessel  and  its  contents  is  less  than  that  of  an  equal  hulk  uf  water. 

1905i  Does  a  body  weigh  as  much  in  wat«r  as  in  air? 

A.  No  :  the  water  buoys  the  body  up,  and 
it  weighs  just  as  much  less  in  water  as  the 
weight  of  the  bulk  of  water  it  displaces. 

For  this  reason  a  pcrs.m  can  lift  a  slone  under  wafer  which  ho  could 
out  rnisu  when  out  of  the  water. 

1906.  Why  does  cream  rise  to  the  surface  of  milk  ? 

A.  Because  the  specific  gravity  of  the  cream 
is  less  than  that  of  the  milk.  For  the  same 
reason,  oil  floats  on  water. 
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Itr  iwa  freight,  and  the  braad;  nill  ascend  into  the  bolUe.  The  reason 
of  this  is,  the  speoific  gravity  of  the  brandy  ie  less  than  that  of  the 
water.  But  if  the  bottle  be  filled  with  ethet  inalead  ot  water,  the 
brandy  would  nut  fill  the  buttle,  becauae  etbei  is  specifically  lighter 

1907.  Why  is  it  more  easy  to  swim  in  salt  water  than 
iu  fresh  ? 

A.  Because  the  specific  gravity  of  salt 
water  is  greater  than  that  of  fresh,  and  the 
swimmer  is  buoyed  up. 

1908>  Why  doea  a  cook  throw  an  egg  into  brine  to 
try  if  it  be  strong  enoujfh  for  pickling? 

A,  Because  if  the  brine  be  strong  enough, 
its  specific  gravity  will  be  greater  than  that 
of  the  egg,  and  the  egg  will  float. 

lore  easily  than 

A.  Because  fat  is  specifically  lighter  than 
water :  therefore  the  fatter  a  man  is,  the  more 

easily  he  can  swim. 

19I0<  How  are  fishes  able  to  ascend  to  the  surface  of 
the  wator? 

A.  Fishes  are  endowed  with  an  organ 
called  an  air-bladder.  When  the  bladder  is 
filled  with  air,  their  bulk  is  increased,  and 
they  rise  to  the  surface ;  but  when  the  air  is 
expelled,  their  bulk  contracts,  and  they  sink. 
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MISCELLANEOUS. 

1911.  How  can  a  siek-rooni  be  kept  free  from  an. 
healthy  effluvia  ? 

A,  By  spnnkling  it  with  vinegar  boiled 
with  myrrh  or  camphor,  or  by  putting  some 
chloride  of  lime  in  a  flat  dish,  dampening  it 
a  little,  and  placing  it  in  the  apartment. 

1912.  When  infections  diseases  prevail,  how  can  the 
contagious  matter  be  removed  from  bedrooms,  hospitals, 
houses,  &c.  ? 

A.  By  using  a  solution  of  chlorine  or  <Sf 
sulphurous  acid ;  which  will  not  only  remove 
the  contagious  matter,  but  also  the  offensive 
smell  of  a  sick-room. 

1913>  Why  does  chloride  of  lime  fumigate  a  sick- 
room ? 

A.  Because  the  chlorine  absorbs  the  hydro- 
gen of  the  confined  air,  and  by  this  means 
removes  both  the  offensive  smell  and  the  in- 
fection of  a  sick-room. 

1914.  Why  should  bedrooms,  cottages,  hospitals,  and 
stables  be  occasionally  whitewashed? 

A.  Because  the  lime  which  composes  the 
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whitewash  is  very  caustic,  and  removes  all 

organic  matters  adhering  to  the  walls. 

1915.  Why  does  lime  destroy  the  offeosive  smells  of 
bins,  sewers,  &c. 

A.  Because  it  decomposes  the  offensive 
gases  upon  which  the  smell  depends,  and 
destroys  them. 

19I6>  Why  is  guano  valuable  as  a  manure  ? 

A.  Because  it  contains  ammonia,  potash, 
soda,  lime,  &c..  which  are  all  essential  to  the 
growth  of  plants. 

Guano  ia  found  npon  the  coasls  of  Peru,  in  the  islands  of  Ctineha, 


0,  and  at  Eevcral  othi 
eoaats  of  Afrlcu.  It  forms  a  d. 
considerable  extent,  and  appear 
taenta  of  innumerable  flocks  of 
which  inhabit  these  islondt 


:o  the  south  ;  a 

;lt  fifty  or  fixty  feet  thielc,  and  oi 

be  the  accumulation  of  the  excre 

irds,  especially  herons  and  flamande 


le  object  of  a  most  extensive  and  profitable  trade. 

1917.  W^bat  is  the  use  of  lime,  marl,  &e.,  as  manure?  ■ 
A.    1st.   They  decompose    vegetable   sub- 
stances ;  and, 

2d.   They  liberate  the  alkalies  in   union  . 
with  the  silica  of  the  soil. 

1918.  The  soil  contains  carbonic  acid:  whence  is 
this  derived  ? 

A.  1st.  From  the  air;  from  which  it  is 
driven  by  falling  showers; 

2d.  From  the  decomposition  of  vegetable 
and  animal  matters,  which  always  produces 
this  gas  in  abundance;  and, 

3d.  All  limestone,  chalk,  and    calcareous 
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stones  contain  quantities  of  carbonic  acid  in  a 
solid  state. 

^' CalcareouB^"  that  b,  of  a  limy  nature. 

1919*  What  causes  tie  disease  commonly  called  the 
itch? 

A.  It  is  produced  by  an  insect  called  the 
"itch-insect,"  which  burrows  ia  the  skin,  and 
is  greatly  encouraged  by  filth.  Sulphur,  cor- 
rosive sublimate,  &c.  will  destroy  the  insect, 
and  cure  the  disease. 


A.  By  dipping  it  in  a  weak  solution  of 
chlorine. 


1921.  When  wine  is  spilled  on  a  table-eloth,  &c.,  why 
do  persona  generally  cover  the  part  immediately  with 
salt? 

A.  Because  salt  is  a  compound  of  chlorine 

and  sodium ;  and  the  chlorine  of  the  salt  acts 
as  a  bleaching-powder. 

1922.  Why  are  books  discolored  by  age  or  damp  t 
A.  Because  the  fibre  of  the  paper  becomes 

partially  decomposed,  and  various  impurities 
from  the  atmosphere  (or  other  sources)  be- 
come mixed  with  it. 

1933<  Why  does  wasing  cotton  or  thread  make  it 
stronger  ? 

A.  Because  it  cements  the  loose  filaments 
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to  the  cord,  and  makes  the  strands  of  the 
thread  more  compact. 

The  '■filaments"  are  the  loose  fibres  of  the  eotWn. 

The  "strands"  are  tbe  twists  or  single  jarna  twiatsd  into  a  thread. 

1921*  Some  sweet  cakes  are  crisp  and  hard  when 
baked,  but  if  sal-airatus  be  mised  with  the  dough  they 
win  be  soft.     Why  is  this  ? 

A.  Sal-^ratu8  has  an  affinity  for  moisture, 
which  it  absorbs  from  the  atmosphere,  and 
this  moisture  tends  to  keep  the  cakes  soft. 

1925i  How  does  stitrch  assist  in  giving  a  smooth  glazed 
surface  to  hnen  1 

A.  ItfiUstheintersticesbetween  the  threads, 
and  makes  the  fabric  of  more  uniform  den- 
sity. 

"Interstices  betnesn  tbe  llireads,"— that  is,  the  email  spaces  be- 
tween tbe  threads. 

1926,  How  does  starch  stiffen  hnen? 

A.  By  filling  the  interstices  of  the  linen. 
by  which  means  it  is  rendered  more  rigid 
and  finn. 

1927>  The  hooked  top  of  walking-sticks  is  made  by 
boiling  the  end  of  the  stick  and  then  bending  it  into  an 
arch.     Why  is  a  stick  made  flexible  by  boiling? 

A.  Wood  contains  many  substances  soluble 
in  hot  water,  as  starch,  sugar,  gum,  &c.,  and 
several  others  which  are  softened  by  it :  as, 
therefore,  several"  substances  are  dissolved, 
and  others  softened,  by  boiling  water,  the 
Btick  is  rendered  flexible. 
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I92Si  Why  does  the  sun  or  fire  warp  wood? 

A.  Because  heat  draws  out  the  moisture 
from  that  surface  of  the  wood  which  faces  it, 
and  causes  it  to  shrink :  as,  therefore,  the 
heated  surface  of  the  wood  shrinks,  and  is 
smaller  than  the  other  surface,  it  draws  it 
into  a  curve,  and  tiis  wood  is  warped. 

1929.  If  you  scrape  a  slip  of  paper  with  a  knife, 
why  will  the  paper  cuil? 

A.  Because  the  under  surface  of  the  paper 
is  contracted  by  scraping,  which  brings  the 
particles  closer  together  ;  this  contraction  of 
the  under  surface  bends  the  slip  of  paper  into 
a  curl  or-  arch. 

1939.  Why  do  plants  which  are  kept  at  a  wiadow 
bend  toward  the  glass  ? 

A.  Because  the  side  away  from  the  light 
grows  faster  than  the  side  facing  the  light, 
and  pushes  the  top  of  the  plant  over  in  a 
curve. 

Woody  tissue  is  deposited  io 
nearest  the  light ;  and  nbere  \ 
becauso  ths  part  is  less  sacculeni. 

Wood  is  warped  by  the  fire,  becauso  the  under  surface  ia  Bmallor 
than  the  upper;  anS  paper  is  made  to  corl  by  aoraping  the  under 
surface  with  n  linife,  for  the  same  roason. 

1931.  When  a  candle  is  hlown  out,  whence  arises  the 
oifensive  odor  7 

A.  The  tallow  distils  a.  substance  in  the 
smoke,  called  acryle,  which  has  a  very  of- 
fensive smell. 

"  Aerylo,"  from  two  Greoli  words  mim-nXn,  jakre-ule,)  the  basis,  or 
principle,  of  a  wick  or  end  ;  that  is,  the  odor  which  issues  fi'om  a  wick' 
tiid  after  it  has  been  blown  out. 
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1933*  If  a  silver  spoon  whieli  has  been  tarnished  liy 
an  egg  be  rubbed  with  a  little  salt,  why  will  the  tarnish 
disappear  ? 

A.  The  tarnish  in  this  case  is  sulphuret 
of  silver,  produced  by  the  sulphur  of  the  egg 
combining  with  the  silver  spoon.  Salt  acta 
upon  this  sulphuret  of  silver  thus : — 

The  sodium  of  the  salt  combines  with  the 
sulphur,  and  produces  sulphate  of  soda.  The 
sulphur  being  thus  taken  away  from  the  silver, 
the  tarnish  disappears. 

19S3>  Why  docs  a  black  hat  at  the  sea-side  hecome  a 
rusty  brown  ? 

A.  Because  the  muriatic  acid  of  the  sea^ 
water  disturbs  the  gallic  acid  of  the  black 
dye,  and  turns  it  a  reddish  brown. 

1934i  What  13  an  excellent  remedy  against  rata  and 

A.  Sulphuretted  hydrogen.  All  that  is 
necessary  is  to  introduce  the  beak  of  a  retort 
into  a  rat-hole  while  sulphuretted  hydrogen 
is  being  given  off.  It  will  destroy  the  rats, 
and  make  the  hole  unfit  for  others  to  fre- 
quent. 

Sulphufelteil  hydrogen  is  made  thus  :  Put  into  a  retort  or  glasa 
bottle  a  quantity  of  sulphuret  of  iron,  prepared  by  heating  a,  rod  of 
iron  to  «hitc  heat ;  bring  it  in  contact  with  a  roli  of  sulphur :  thia 
will  form  snlphuret  of  Iron,  which  let  drop  into  water;  pour  over  it 
a  ginall  portion  of  water,  and  then  add  an  equal  quantity  of  sulphuric 
wid ;  Bulphurett«d  hydrogen  will  he  givBQ  off  copiously. 

IftSSa  Why  arc  hams  preserved  by  smoking  them  ? 
A.  Because  the  smoke  of  a  wood  fire  con- 
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tains  creasote,  which  is  a  great  preservativB 
of  all  animal  substances. 

1936i  What  is  common  marking>ink  ? 

A.  There  are  generally  two  bottles, — one 
containing  a  solution  of  the  carbonate  of  soda, 
and  another  containing  a  solution  of  nitrate 
of  silver.  The  cloth  is  first  moistened  with 
the  carbonate  of  soda,  dried,  smoothed,  and 
then  written  on  with  a  pen  dipped  in  the 
nitrate  of  silver.  An  oxide  of  silver  is  thus 
precipitated,  and  leaves  a  black  mark  upon 
the  fabric. 

1937.  Why  ia  sorrel  sometimes  used  to  remove  ink- 
spots  from  linen  ? 

A.  Because  it  contains  oxalic  acid. 

Oxalk,  from  the  Greek  word  of^„.  (oralis,)  .arrel.  Osalic  add  U 
Bomotimes  erroneonslj  called  "salt  of  lemoas." 

1938.  AVhy  does  oxalic  acid  take  out  ink-spots  ? 

A.  Because  it  dissolves  the  tannate  of  iron, 
of  which  the  black  portion  of  the  ink  con- 
sists. 

"  Tannate  of  iron"  ia  tsnnis  aoid  oombiood  with  iron.  Tannic  acid 
l8  the  acid  of  tan,  or  oak-bark. 

1939.  Why  do  laundresses  put  their  linen  in  the  sun 
to  whiten  ? 

A.  This  question  is  rather  difficult  to  solve. 

The  most  probable  solution  is,  that  air  and 
moisture,  (arising  from  rain,  dew,  or  artificial 
sprinkling,)  influenced  by  solar  light,  oxidize 
the  color  on  the  fibre  without  the  assistance 
of  alkali. 
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IdiOi  Why  do  bricks  turn  green  on  being  exposed 
for  some  time  to  the  weather,  especially  if  deprived  of 
tlie  rays  of  the  sun  ? 

A.  The  "green"  is  a  moss,  or  lichen,  which 
grows  on  the  bricks,  and  thrives  better  in  the 
shade  than  in  tlie  sun.  The  seeds  of  this 
moss  are  supposed  to  be  scattered  by  the 
winds. 

I9II.  The  wtite  of  egg  is  generally  mixed  with 
ground  coffee  before  it  la  put  over  the  fire  to  boil:  why 
is  this  done  ? 

A.  Because  the  albumen  contained  in  the 
white  of  the  egg  coagulates  while,  boiling, 
and  entangles  the  small  particles  of  coffee, 
called  "  grounds,"  with  it,  which  fall  to  the 
bottom  of  the  pot,  and  leave  the  liquid  clear. 

1942.  Why  does  water  rot  wood  ?  and  why  does  air 
rot  wood? 

A.  Because  the  solid  part  of  the  wood  is 
converted  into  what  is  called  Jiurmis,  by  oxi- 
dation: thus, — 

Ist.  The  carbon  of  the  wood  is  oxidized 
into  carbonic  acid;  and, 

2d.  The  hydrogen  of  the  wood  is  oxidized 
into  water.  The  residue  becomes  humus,  or 
mould. 

ma  is  called  bumus,  and  ia  produced 
IX  b;  tbe  action  of  air  and  natar. 

1943<  Why  does  bread  become  mouldy  after  it  has 
been  kept  for  some  time  ? 

A.  Because  the  spores  of  the  mould-fungus. 
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floating  in  the  air,  fix  themselves  in  the  de- 
caying bread  and  germinate. 

Spores,  or  aporules,  from  the  Greek  word  ompa,  tied,  is  a  word  used 
by  botanists  to  indicate  the  seed  of  eryptogamio  (or  fluwerlessjpliinta, 
Tlioj  differ  from  seeds  in  tLis  respect :  every  pait  of  the  spore  shocjM 
into  a  plant,  and  not  one  partieulat  point  olone,  as  in  oommon  seeds. 

1911.  Why  does  the  expansion  of  air  at  the  end  of 
an  egg  make  it  feel  warm  tfl  tlie  tongue  ? 

A.  Because  air  is  a  very  bad  conductor,  and 
the  more  air  an  egg  contains,  the  less  heat 
will  bo  drawn  from  the  tongue  when  it  touches 
the  shell. 

1915.  Why  will  a  new-laid  egg  feel  colder  to  the 
tongue  at  the  end  than  a  stale  one '( 

A.  Because  it  contains  more  white  and  less 
air ;  and,  as  the  white  of  an  egg  is  a  better 
conductor  than  air,  the  heat  of  the  tongue 
will  be  drawn  off  more  rapidly,  and  the  egg 
will  feel  colder. 

1916.  Of  what  is  gunpowder  composed? 

A.  Saltpetre,  charcoal,  and  sulphur,  in  the 
proportion  of  75  parts  of  saltpetre,  14  of 
charcoal,  and  10  of  sulphur. 

1917.  What  is  the  comhustihle  ingredient  ? 
A.  Charcoal. 

1918.  Of  what  use  is  the  saltpetre? 

A.  When  heated,  it  is  decomposed,  and 
furnishes  oxygen,  which  combines  with  the 
charcoal  and  supports  flame. 
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I949i  What  is  the  Ciiuse  of  the  espaasive  force  of 
guD  powder  ? 

A.  "When  the  match  is  applied,  the  ignition 
of  the  powder  increases  its  temperature  and 
liberates  nitrogen  and  carbonic  acid  gases. 

At  the  moumnt  or  explosioD   gunpowiier  is  e^pimded  about  JOOO 

1950i  Why  is  gunpowder  grained  ? 
A.  In  order  to  facilitate  the  transraisfeion 
of  the  flame  to  all  parts  of  the  mass. 
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SCIENTIFIC  AMUSEMENTS. 


INTRODUCTION, 

Maby  years  ngo,  a  little  hnj.  with  Mb  face  most  unplefiaanllj 
Bpeckled  wilh  a  number  of  small  aears,  (just  healing,  1  happened 
lo  meet  thut  awful  personage,  the  "familj  doctor,"  who  was 
Cuming  down-Btairs  from  a  grand  medical  consultation  wilh 
mamma  and  (be  assembled  inmatea  of  tbe  nurserj'.  Tlie  grave 
son  of  ^ffisoulapiua  at  onoe  and  most  tenderly  inquired  (oh, 
tljal  dreadful  phyaic-bill !)  after  the  health  of  the  juvenile,  wilh 
a  Tien,  no  doubt,  to  correct  the  eicessive  heat  of  blood  which 
had  caused  so  tVightful  an  eruption  on  his  youthful  countenance. 


,y  Google 


6  INTRODUCTION. 

"And  pray,  sir,"  asked  tbe  doctor,  "-what  is  tlie  matter  witb 
you?"  Tho  boy,  half  frighl«neil  nt  die  distant  prospect  of 
bolus  and  draught,  replied,  in  the  usual  lucid  manner,  "Nothiog, 
dr."  "Nothing!"  Baidthedootor:  "why,  whatan  inflammatory 
Btale  your  skin  is  in!  I  must  send  you  some  cooling  medisine 
immediately,  my  dear  boy."  "Oh,  sir,  please  sir,  don't:  itB 
phosphorus!"  The  doctor  forgot  his  dignity,  and  stared  with 
amazement.  He  was  clever,  but  of  the  very  old  school.  Ha 
waited  one  moment,  felt  the  boy's  pulse,  and  looked  hard  in 
his  face  again,  as  if  to  count  tlie  spots,  and  at  last  his  pent-up 
feelings  found  vent.  "Take  care,  air!  take  care,  or  you'll 
blow  your  head  off  with  your  chemical  pranks.  And  now  tell 
me  how  it  happened."  Tho  youthful  philoaophar  was  not  long 
in  relating  that  he  had  read,  in  a  book  on  chemistry,  that  if 
phosphorus  and  chlorate  of  potash  were  rubbed  together  iu  a 
mortar,  they  made  a  "  bang,"  which  he  had  tried  accordingly  in 
bis  bedroom,  secretly,  with  the  help  of  the  kitchen  mortar ;  that 
tlie  stuff  would  not  go  off  at  first,  and  whilst  he  gathered  up 
all  his  strength  and  gave  the  blow  that  produced  the  stiintimg 
effect,  his  face,  somehow  or  other,  came  over  the  mortar,  and 
all  the  phosphorus  blew  up  into  it.  "And  a  lucky  fellow," 
rejoined  the  doctor,  "you  are  to  escape  the  penalty  of  it^ured 
eyetl"  and  so  will  every  one  say  who  reads  this  account.  But 
the  moral  of  our  story  is,  the  mittion  to  all  would-be  Juvenile 
fhHosbphers  not  to  attempt  experiments  they  do  not  thoroughly 
understand,  and  especially  to  avoid  those  results  that  merely 
end  in  explosions,  and  try  only  those  combinalions  of  chemical 
substances  which  are  pleating  and  wilhimt  danger,  such  as  will 
bow  be  described  in  the  following  popular  sketch  of  the  Science 
■f  Chemistry. 
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In  iJie  history  of  DatJona,  we  read  of  a  very  brave  and 
talented  people,  who,  under  the  name  of  the  "Moors,"  and 
aometimes  called  the  "8arncens,"  helped  to  rescue  the  rude 
Romano- German  populnlion  of  Europe  from  the  Gothic  brutish- 
nesa  aod  ignorance  into  wbicb  tliey  bad  lapsed.  The  warlike 
Moora  originallj  came  irom  Arabia,  and  are,  therefore,  the 
descendants  of  IshmaeL;  and  although,  when  eonquerora,  the; 
were  at  first  quite  aa  ready  to  destroy  as  lo  create,  and,  in 
pursuit  of  the  former  evil  paaeiun,  e^en  burnt  the  magnificent 
librai-y  of  Alexandria,  jet  when  they  had  conquered  and 
gained  wealth  they  cultiioted  liarning  of  every  kind,  and 
became  highly  civilized ;  bo  that  when  they  ruled  Spain  they 
introduced  into  Europe  the  science  of  aslronomj,  the  principles 
of  numeral  notation,  algebra,  and  the  noble  science  of  chemistry, 
which  derives  its  name  (according  lo  the  Eev.  Mr.  Palmer, 
Professor  of  Arabic)  from  Ihe  word  "alchemy,"  or,  more 
properly,  "al-kemy,"  the  knoii'liJge  of  fhe  avbslcnce  or  eompo~ 
lition  of  todies,  so  named  from  the  Bubstanlive  kyimon,  that 
is,  the  consliiution  of  any  tkmg,  derived  from  the  root  iama. 

It  is  pretended  by  some  that  Ihe  words  "chemistry"  and 
"alchemy"  are  derived  frcm  Ihe  nameof  Shem,  orChem,  the  Bon 
of  Noah,  who  is  said  to  have  been  an  adept  in  the  art.,  and  lo 
this  day  there  are  persons  who  assert  that  the  Jews  slill  possesa 
the  art.  of  making  gold,  or  Ihry  could  not  possess  such  fabulous 
wcaltt.  Others  say  the  art  was  derived  from  the  Egyptians, 
among  whom  it  was  founded  by 
Hermes  Trismegistus.  The  Jesuit 
Father  Martini,  in  his  "  Historia 
Sinioa,"  says  it  was  practised  by 
the  Chinese  two  thousand  live 
hundred  years  before  the  birth 
of  Christ;  but,  as  he  does  not 
produce  any  proofs  or  data  upon 
which  this  statement  is  founded, 
bis  assertion  is  worth  very  little, 
or  nothing.  There  can  be  no  i 
doubt  that  impostors,  who  de- 
ceived the  unwary  with  the  pre- 
tence of  making  gold  and  silver, 

turiea  after  the  Christian  era, 
and  that  when  discovered  they 
were  liable  to  punishment  as 
knaves  and  swindlers. 
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At  Const antinople,  in  the  fourth  century,  (he  ai 
talioD  was  fullj  believed  in,  and  manj  Greek  eeoleaiaatiea 
wrote  learned  trealisea  thereon.  Of  these  and  other  distant 
perioda  the  information  reepeeting  alchemy  must  be  con-  . 
Bidered  doubtful;  but  it  is  certain  that  in  the  eighth  century 
the  art  reappeared  among  the  Arabians.  Now  there  are 
many  words  in  couimon  use  which  are  derived,  like  Ihe  word 
"aloheoiy,"  from  the  Arabic  language,  such  as  '■Al-manack." 
■*Al-koran;"  and  hence  it  is  nut  surprising  to  find  chemical 
words  which  h.ire  the  like  origin.  Thus,  tlie  word  "al-kali," 
derised  from  kaU,  a,  plant,  al-kali.  of  a  plant,  representing  an 
important  class  of  chemical  bodies  having  opposite  qualities  to 
acids,  is  clearly  of  Arabic  origin:  so,  again, 
with  the  names  of  apparatus,  such  as  the 
alembic,  or  nlanibjc.  This  is  compounded  of 
the  Arabic  particle  al,  the,  and  the  Greek 
word  ambisc,  a  kind  of  oup  or  cover  of  a  pot. 
It  is  now  used  to  denote  the  whole  of  an 
appar.itus  for  distilling,  as  in  Fig.  3;  but  it 
formerly  denoted,  according  to  Bishop  Watson, 
only  one  piirt  of  it, — viz.,  the  head,  or  that 
part  in  which  the  distilled  matter  was  col- 
lected. 

Astrology  preceded  astronomy,  and  alchemy 
paved  the  way  Sir  the  science  of  ohemislry. 
Much  valuable  time  and  money  were  thrown 
away  by  learned  but  misguided  men,  who, 
grr-ping  their  way  in  (he  dark,  and  not  hav- 
,  ing  the  advantage  of  perusing  books  written 
by  shining  lights  such  ns  Sir  Humphry  Davy 
ir  Faraday,  stumbled  on  many  valuable  truths 
n  their  pursuit  of  the  ever-al tractive  "  Philo- 
sopher's Stone,"  which  was  to  (urn  lead  into 
j^  gold,  or,  as  a  magical  potation,  under  (he 
m  wawr,  jor  lo  fill  name  of  the  "  Elixir  of  Life,"  was  not  only  to 
up  thB  candleatlck  impart  longevity,  but  continual  life,  so  that 
Mllie  candle  risetli  ^^^^  maker  of  the  gold  should  not  lose  it  in  the 
c.  The  candle,  grim  clutch  of  King  Death.  The  worldly 
,  which  must  he  as  desire  (o  have  and  enjoy  is  well  depicted  in 
itk;!."  ''»'""'=■  these  dreams  of  the  alchemists,  whilst  Ihe  most 
n.  The  vessel  thai  intense  nonsense  is  apparent  in  many  of  their 
wntains either wa-  notions.  Ibus,  in  a  "Discourse  on  divers 
fot'anjfveaBcl^ he  Spagyrioal  [j.e.  chemical]  Experiments  and 
(Bt  Into.  Curiosities,  and  of  the  Anatomy  of  Gold  and 

E.  A  (.IMS  v«5ol    Silver,"   by   one    John     French,    "Doctor    of 
rt«ai,ne  m  d^i-   p|,j,si(.k,"  and  printed  ae  late  as  lli51,  in  the 
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time  of  the  "  Commonwealth"  of  Oliver  CromTrell,  we  ore  grriTely 
told  how  "To  eiiraeC  a  while  milkie  substance  from  therayes  of  the 
BsDon."  At  the  Bamo  lime,  in  this  discourse  there  is  much  that 
ie  useful,  and  we  learn  that  distillation  may  be  conducted  b;  a 
lamp;  and  tliis  stalement  is  accompanied  with  a  diagram,  of 
which  a  oopy  is  given,  [Fig.  4,)  where  we  see  the  germ — tha 
principle— of  Palmer's  celebrated  spring  cnndlestioli,  in  which 
ttie  oandlo  is  maintained  at  one  height  by  the  corapreasion  and 
elasticity  of  a  spring, 

Qravu  and  honest  men  continued  their  studios  in  alchemy 
with  amazing  industry.  The  clever  chemist — not  alchemist — 
Bocrhaave  distilled  morcury  one  thousand  and  nine  times,  in 
order,  aa  he  says  in  Ms  paper  addressed  to  the  Rojul  Society, 
"to' subvert  the  high  prelensions  of  other  alchemists  that 
mercury  could  never  be  freed  from  its  original  impurity  but 
by  being  joined  to  some  purer  body  of  the  same  nature  with 
itself,  such  as  gold  or  silver,"  as  also  to  prove  "the  unchange- 
ableness  both  of  mercury  and  gold,  how  often  soever  they  were 
dislillod   oge  her 

During    h       no     ha      hercbees   con   n     d   the  r 
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e:!  peri  men  1b,  there  was  another  class  of  men  who,  with  oonsum. 
mate  impudence,  possessed  themselves  of  a.  few  cliemicsl  terms 
and  hard  words,  and  nslonished  (lie  ignorant  with  juggling 
tricks,  which  passed  for  true  alchemy.  They  had  only  to  con- 
sult the  works  of  clever,  perhaps  honest,  alchemists,  to  karn 
the  magniloquent  style  of  describing  osperimetits.  There  was 
Pnrftcelsus,  who  was  undoubtedly  a  most  leained  man,  and 
called  by  Nand^  "the  xenith  and  rising  sun  of  all  the  alehe- 
misls:"  he  inilulged  in  a  rampant  slyle  of  puffing  himself.  In 
the  year  1526  he  was  chosen  Professor  of  Physios  ond  Katural 
Ftiilosaphy  in  tho  Uoiversity  of  Bnsle,  where  his  leclutes 
attracted  vast  numbers  of  students.  He  treated  the  physicians 
of  hia  lime  with  the  most  abaurd  vanity  and  illiberal  insolence, 
telling  them  "that  the  very  down  of  bis  bald  pnte  had  more 
knowledge  than  all  their  writers,  the  buckles  of  his  shoea  more 
learning  than  Galen  and  Avicenna,  and  his  beard  more  expe- 
rience than  alt  their  universities;"  he  revived  the  eilravagant 
doctrines  of  Raymond  Lully  concerning  a,  universal  medicine, 
and  boasted  himself  to  be  in  possession  of  secrets  able  to 
prolong  the  present  period  of  human  life  to  that  of  Ibe  ante- 
diluvians ;  he  had,  in  fact,  made  the  discovery  of  alcohol,  and 
iJiought  that  in  it  he  had  found  the  long-sought  elixir  of  life. 
Paraoelsus  determined  to  pot  it  (o  tiie  test,  and, 
drinking  copiously  of  his  alcohol,  (with  a  daring 
worthy  of  a  better  cause,)  sank  dead  on  the  floor 
of  his  laboratory, — a  type,  as  Cumming  says,  "of 
man's  etfortto  save  himself— that  is,  to  live  forever." 
The  swindlers  and  cheats  did  not  propose  to  them- 
selves such  tragic  esperimenis,  but  studied  carefully 
the  art  of  deceiving  fools  (of  whom,  it  is  said,  the 
human  race  is  chiefly  composed]  by  first  awakening 
the  paasion  of  avarice:  thus,  they  would  invest  a 
little  ot  the  precious  metal  in  the  construction  of  a 
B_  nail  half  gold  and  half  iron,  and,  meeting  with  a 
t  K"l(L  viotim  of  the  required  softness,  they  would  then 
iDimon  carelessly  remove  it  from  their  pockets  in  company 
vboia  with  other  nuls,  and,  producing  a  phial  of  the 
paml-  eliiir,  would  expend  the  latl  drop  In  changing  the 
''?''*''  nail  into  gold;  the  eliiir,  of  course,  being  colored 
wonw  water  that  could  wash  off  tie  paint  witi  whii*  (he 
lie  "!>■  nail  was  covered. 

T  na^  The  last  drop  of  elixir  being  expended,  jl  was,  of 
course,  necessary  for  the  alchemist  to  prepare  sow.' 
and,  presenting  the  nail  as  an  earnest  of  hia  puwrv.  lie 
d  beat  free  quarters  for  many  months  with  his  pHlimi, 
would  incur,  at  the  alchemist's  suggestion,  iiiihtaid  ul 
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eipenaea  for  chemicals,  glasses,  fumncefl,  &c.,  until,  t 
witli  repealed  failures,  he  would  send  the  ftlcbe 
away,  to  repeat  in  some  other  locality  the 
same  impertinent  triek  on  the  wisdom  of  his 
fellow-craatures.  There  is  nothing  that  better 
demonstrates  the  shrewdness  of  Queen  Eliia- 
beth  than  her  dealings  with  Dr.  Deo.  Like 
our  own  beloved  sovereign,  slie  was  the  patron 
of  learned  men,  and,  having  been  presented 
with  a  round  piece  of  silver  which  Dr.  Dee 
pretended  he  had  made  of  a  portion  of  brass 
cut  out  of  a  warming-pan,  the  said  pan 
afterward  sent  to  her  majesty  that  she 
convince  herself  that  the  piece  of 
eiaotly  corresponded  with  the  hole  wbic 
cut  into  the  brass,  did  receive  him 
favorably,  at  least  so  far  as  words  went,  and 
gave  orders  that  he  should  not  be  molested  in 
his  pursuits  of  chemistry  and  philosophy,  at 
the  same  time,  with  most  sensible  queen- craft, 
intimating  that  the  man  who  could  m^ike  silver 
must  be  peffectly  independent  of  her  exchequer,  graloaof  gold  nrnk- 
There  were  other  mendicant  rogues  who  '"f"  '^'''"  "*  ^''^ 
pretended  to  transmute  vulgar  lead  and  copper 
into  royal  gold  by  certain  powders  which  they  projected  and 
always  stirred  into  the  baser  metal,  to  the  wondering  delight 
and  edification  of  all  concerned  In 
faot,  the  iiwrer  was  the  prini\im  mn 
Meinthisamusingfraud;  and  after 
the  fashion  of  the  wonderful  mira 
cle  of  producing  the  omelet  in  the 
empty  trying  pm  as  narrated  by  all 
truth  loving  chroniclers  of  Spam 
and  her  mendiemt  monks  thesi. 
cunnmg  jugglers  previously  eon 
Toyed  their  atom  of  gold  nto  the 
hollow  of  the  si  rrer  and  by  the 
help  of  a  little  powJered  chircoal  ; 
sulphur  and  nitre  which  mide  a  ' 
great    deflagration    or    tin    wl  en  _ 

thrown   into  the  re i  hoi   crucil  le  '  "'^=*         ~     " 

the  eyes  of   the  Ounnus  were    iaz        Fig  8— Alchemiat  ualug  hn 
»led  and  the  conjurors  pas'ied  thim  Lollow  rod. 

selves  olf  as  the  possessors  of  the  true  philosopher's  stone,  and 
rewai-ded  the  believers   and  reproved   the  incredulous  by  the 
^odiielion  of  a  modicu-n  of  gold, 
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It  were  tedious  to  give  the  names  of  all  the  alcbemUfa  wha 
have  distracted  the  peace  of  mind  of  others  wlio  auooecdeil 
them  by  their  insane  ravings  afler  the  niyslerious  chemical 
which  was,  by  multiplication  on  the  largest  scale,  to  produce 
a  moantain  of  gold  from  a  moleliil!  of  (lie  quinle»»enee :  it  1b 
sufficient  10  knoTf  that,  so  far  as  our  modern  chemistrj  en- 


lightens 
There  are  certa 
ia  to  say,  tJiej  s 
states,  and  putti 
niaaquerade  dre 
conccaliaent. 

1'bu9,  charcoal,  which  post 
(jaity,  is  to  be  found  as  the  i 


change  one  clement  into  aaotlier. 
subslancea  which  are  called  allalropic;  that 
capable  of  assuming  one  or  more  physical 
;  on  such  disguises  that  eytn  the  beat-devised 
cannot  approach  them  in  the  perfecliou  of 


sses  almost  the  property  of  obi- 
ry  corner-stone  in  the  fabric  of 
the  fairest  faces  of  Kve's  daugh- 
r  ters.  It  lurks  in  the  sweetened 
cup  of  lea;  and  a  quarter  of  a 
I  poundof  nice  white  lump  sugar 
put  into  a  breakfast-cup  with 
ihe  smallest  possible  dash  of 
bailing  wnter,  and  then  the  ad- 
dition of  plenty  of  oil  of  vitriol, 
is  a  truly  wonderful  spectacle. 
And  more  instructive  than  much 
reading,  to  see  thewbile  sugar 
'  turn  black,  then  boi!  spouta- 
;  Dcously,  and  now,  rising  out  of 
!tip  in  solemn  black,  it 
:s  and  throbs  as  the  oil  of 
Is  work  in  the  lower  part  of  the  cup,  emitting 
-volumes  of  steam,  and  reminding  one  of  some  of  those  remark- 
able upbeavingg  of  tlie  earth  which  geologists  delight  to  paint 
and  talk  about,  till  ihe  acid  has  spent  its  fury.  The  elements 
forming  water  in  the  sugar  have  been  attracted,  and  are  now 
united  to  the  oil  of  vitriol,  (scientifically  called  sulphuric  acid;) 
a  divorce  has  taken  place  between  the  water  and  the  charcoal, 
which  latter  now  tumbles  over  the  sides  of  the  cup. 

In  describing  this  experiment  the  other  state  of  charcoal  (tlie 
allatropic  condition)  must  not  be  forgotten.  The  breakfast-cup 
iflfullof— nol  not ■  diamonds ! — it  only  contains  a  porous  sort 
of  black  charcoal;  and  yet,  in  Nature's  hand,  this  common 
black  matter  is  moulded  into  fbe  costly  diamond,  and,  glancing 
ft^)m  the  ring  on  the  finger  to  the  solid  contents  of  the  cup,  it 
is  difficult  to  trace  oat  any  analogy;  but  this  is  the  point  of 
Ihe  argument,  and  is  the  nearest  approach  to  tho  alchemical 
fantasy  of  our  forefatliers.      A  substance  m;iy  take  two  or  three 
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forms,  as  already  described,  but  it  Is  Impofisihle,  so  fnr  aa 
expBiicnee  teadiea  us,  to  uLange  one  element  into  aiicllier.  We 
may  liaTe  charooal,  as  coke,  the  diamond,  plumbago,  antbra- 
cile,  a  smokeless  coal;  but  we  cannot  change  it.  c-  lead,  or 
copper,  into  gold,  unless  we  adopt  the  time- honored  and  most 
luccessful  mode  of  transuiiitatjon,  and  become  coal,  lead,  or 
diamond  merchants. 

Speaking  of  elements  brings  ua  lo  the  consideration  of 
chemistry  as  a  modern  science.  Juft  eigbtj-seven  jenrs  ago 
Dr.  Priestley  began  his  famous  eiporimenls  wilh  the  piepara- 
tioD  and  examination  of  various  gaseous  bodies,  one  important 
result  of  wbieli  was  the  di)^covery  of  "oxygen  gas."  the  lound- 
ation  of  the  present  classified  and  embodied  series  of  fact* 
that  record  tbe  labors  of  so  many  talented  men.  Thus,  oxygen 
deservedly  stands  at  tlie  head  of  (be  list  of  the  elements  which 
form  every  animate  and  inanimate  tbing  iiiilhin.  upon,  or  aliout 
the  world.  There  is  nothing  more  encouraging  to  a  beginner 
in  ciiemiatry,  such  as  the  youthful  philosopher  who  expends 
his  aliillings  and  sixpences  in  chemicals  and  apparatus,  who 
disdains  lo  play  out  hia  half-holidays,  and,  enraptured  wilh 
■be  wonders  of  which  he  is  the  magician,  is  belter  pleased 
experimenting  in  the  secluded  garret-room  Ihnti  in  Ihe  noisy 
playground, — there  is  nothing  more  salisfacloiy  than  the  state- 
ment that  Ihe  highest  mounlain  and  Ihe  lowest  valley,  the  most 
beautiful  summer-cloud  or  the  grandest  cataract  of  water,  Iha 
ugliest  replile  or  tlie  most  graceful  fcrm,  Ihe  noblest  palace 
erected  by  the  hand  of  man,  with  its  piiitures,  slatiiary.  paint- 
ings, carpets,  furniture,  silks,  salina,  velvets,  its  costjy  jewels, 
diamonds,  pearls,  rubies,  and  sapphires,  or  the  poorer  hovel, 
with  its  shivering  tenants  in  rngs.  can  each  and  all  be  referred 
in  composition  lo  some  sisty-two  or  sixty-three  elements, 
which  are  easily  classified,  viz.: — 

Three  permanent  gases: — oxygen,  nilrogen,  hydrogen. 
Four  elements  having  many  similar  characteristics: — chlorine, 
bromine,  iodine,  fluorine. 

Five  solids  which  do  not  po:<sess  the  usual  metallic  properties: 
' — carbon,  boron,  selenium,  sulphur,  phosphorus- 
Fifty  metals,  only  one  of  which  is  a  liquid, — viz.,  quicksilver, 
or  mercury, — all  the  others  being  solid. 

In  Ibis  list  there  is  the  alpha,  beta,  gamma,  delta  of  chemistry, 
puzzled  out  b;  the  laborious  work  of  some  of  Ihe  most  talented 
and  gifted  of  men,  and,  once  grasped,  Ibis  chemical  alphabet 
is  Ihe  stepping-stone  to  compound  -words  of  one  or  moie 
syllables,  or  containing  one  or  more  elements.  Thus,  oxygen 
and  hydrogen  combined  spell  water;  charcoal,  oxygen,  and 
talnium,  chemically  united,  spell  the  marble  arch;  carbonali; 
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of  lime  Bulphar,  oxygen  ttluminium  potaB>!ium  spell  i7  m. 
The  70id  spell  la  pressed  into  the  striiLe  ajid  is  intended  ut 
course  to  be  a  lynonjm  for  the  Terb  to  Jorm  ir  pnduce  nl 
all  events  having  been  onte  U"ed  in  thia  way  to  help  nii 
anaiogj  we  may  1  ly  it  ou  one  a  du  an  1  now  begii  to 
describe  some  ol  thesi.  expenmental  lessons  commencing  vilh 

THE  ATMOSPHERE 

HcTBOOEN  la  the  principal  constituent  of  the  air  of  tha 
atmosphere  whuli  surrounds  our  globft.  extending  to  a  height 
af  about  torty  five  mile?  above  it  and  playing  a  most  important 
part  in  the  etonwmy  ot  niture    inorganic  as  well  as  organic 

Tiiia  atmospheric  air  conaistsof  neaily  foui  filths  of  nitiogen, 
and  rather  more  than  one-fifth  of  oxygen,  abont  aeventy-nine 
of  the  former  to  twenty-ono  of  the  latter,  and  generally  con- 
tains also  a  variable  proportion  of  the  vapor  of  water,  and  a 
very  smivll  quantity  of  carbonic  acid  gas,  scarcely  amounting 
to  one  part  in  one  thousand.  Its  consHluent  parts  are  so  easily 
aep.irateJ  that  it  appears  to  be  rather  an  intimate  mixture  than 
a  chemical  compound,  though  the  mixture  is  Eo  complete  that 
oliemiata  have  not  been  able  to  ascertain  any  differrnoe  in  the 
composition  of  air  taken  from  all  parta  of  the  world,  and  fb>m 
dllferent  heights,  up  to  the  highest  point  which  has  to  this 
time  been  attained. 

This  atmosphere  presses  on  the  surface  of  the  globe  and 
every  being  on  it,  witli  a  force  of  about  fifteen  ponncts  to  every 
square  inch  of  surface  ;  but,  as  it  presses  equally  in  all  direc- 
tions, upwards  as  well  as  downwards,  its  weight  cannot  be  per- 
ceived nnlesB  the  pressure  be  removed  from  one  surface  by 
■oma  artificial  means. 


1.  Place  a  cylinder  of  strong  glass,  open  at  both  ends,  on 
the  plate  of  the  air-pump,  and  put  jour  hand  on  the  other  end, 
and  you  will,  of  course,  be  able  to  remove  it  at  pleasure.  Now 
exhaust  the  air  from  the  interior  of  the  cylinder,  and  at  each 
Btr&ite  of  the  pump  you  w'll  feel  your  hand  pressed  tighter  and 
tighter  on  the  cylinder,  until  you  will  not  be  able  to  remove  it; 
as  soon  as  the  air  is  ajrain  admitted  to  the  interior  of  ths 
cylinder,  the  pressure  within  will  be  restored,  and  the  honi 
t^in  be  at  liberty. 

2.  Tie  a  piece  of  moistened  bladder  very  firmly  over  one  end 
if  a  similar  glass  cylinder,  and  place  the  open  end  on  tha 
plate  of  the  pump.  As  soon  as  you  begin  to  exhaust  the  air 
from   thi;   inlcrioi-,  the  bladder,  which  was  previously  quite 
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horizontal,  will  begin  to  bulge  invrarila,  tlie  oonenvity  inoreiiBiiig 
as  the  eihaustiou  proceeds,  until  the  blndder,  no  longer  able 
to  bear  the  weight  of  tlie  snperinonnibent  air,  breaks  with  a 
loud  report. 

3.  The  elasticity  of  air,  or  indeed  of  any  gaseous  body,  maj 
be  shown  by  introducing  under  the  air-pump  receiver  a  bladder 
containing  a  very  small  quantity  of  air,  its  mouth  being  closely 
tied.  As  you  exhaust  the  air  from  the  receiver,  that  portion 
contained  in  the  bladder,  being  no  longer  pressed  upon  by  the 
atmosphere,  will  gradually  expand,  distending  the  bladder  until 
it  appears  nearly  full;  on  readmitting  the  air  into  the  receiver, 
the  bladder  will  at  once  shrink  to  its  former  dimensions. 

A  shrivelled  apple,  placed  under  the  same  condilions,  will 
appear  plump  when  the  air  is  removed  from  the  receiver,  and 
resume  its  former  appearance  on  the  readmission  of  the  air. 

i.  There  is  a  very  pretty  apparatus  made  for  the  purpose  of 
showing  the  pressure  of  the  atmosplieve,  consisting  of  a  hollow 
globe  of  brass,  about  tjiree  inches  in  diameter,  divided  into 
two  equal  parts,  which  fit,  very  accurately  logelher;  it  is 
furnished  with  two  handles,  one  of  them  screwed  into  a  hollow 
stem  communicating  with  the  interior  of  the  globe  and  fitting 
on  to  the  air-pump;  the  other  is  attached  lo  a  short  stem  on 
the  opposite  side  of  the  globe.  In  the  natural  slate,  the  globe 
may  easily  be  separated  into  its  two  hemispheres  by  one  person 
pulling  the  handles;  but  after  the  air  has  been  exhausted  from 
the  interior,  it  requires  two  very  strong  men  to  separate  the 
parts,  and  they  will  often  fail.  By  turning  the  stopcock,  and 
readmitting  the  air  into  the  interior  of  the  globe,  it  will  come 
asunder  as  easily  as  at  first. 


We  are  indebted  to  tho  weight  of  the  atmosphere  for  tlie 
power  we  possess  of  raising  water  by  the  common  pump;  for 
the  piston  of  the  pump  withdrawing  the  air  from  the  interior 
of  the  pipe,  which  terminalea  in  water,  the  pressure  of  the 
atmosphere  forces  the  water  up  the  pipe  to  supply  (he  place 
of  the  air  withdrawn.  It  was  soon  found,  however,  that  when 
the  column  of  water  in  the  pipe  was  more  than  thirty  feet  high, 
the  pump  became  useless,  for  the  water  refused  lo  rise  higher. 
Why!  It  was  found  that  a  column  of  water  about  thirty  feet 
higli  exerted  a  pressure  equal  lo  the  weight  of  the  atmosphere, 
thus  establishing  nn  equilibrium  between  the  water  in  the  pipe 
■iid  the  atmospheric  pressure. 

This  is  Ihe  principle  on  which  the  barometer,  or  measvrer  of 
tfight,  as  its  name  imports,  is  constructed.  Thi  metal  mercury 
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is  about  twelve  times  hefiyier  tha,n  irater :  conaeqaenlly,  it  > 
column  of  water  tliirly/sfJ  liigli  balauces  the  presBurs  of  tLe 
atmosphere,  a  column  of  mercury  thirty  inches  high  ought  to 
do  so  also ;  and  this  is  in  fact  the  case.  If  yo>i  lake  a  ginss 
tube  nearly  three  feet  long,  and  closed  at  one  end.  till  it  with 
mercury,  then,  placing  your  finger  on  tlie  open  end,  invert  th« 
tube  into  a  basin  or  saucer  containing  eome 
of  the  same  metal,  upon  removraK  your  finger  A 

(which  miujtbedone  carefully,  while  the  mouth  I  I 

of  the  tube  is  completely  covered  by  the  nier- 
oury]  It  will  bt  seen  that  the  fluid  will  fall  a 
few  inches,  leaving  the  upper  part  of  the  tube 
empty.  Such  a  tube,  with  n  grndualcd  scale 
attached,  ia  in  truth  a  barometer,  and  as  the 
weight  of  the  atmosphere  increases  or  de- 
creases, so  the  mercury  rises  or  falls  in  the 
tube.  This  instrument  ia  of  the  greatest  value 
to  the  geaman,  for  a  sudden  fall  of  the  baro- 
meter will  often  glvs  notice  of  nn  impending 
storm  when  all  is  fine  nnd  calm,  and  thus 
enable  the  mariner  to  make  the  preparations 
necessary  to  meet  the  danger, 

Thia  instrument  was  discovered  by  an  Ilali  m 
philosopher  named  Torricelli  and  from  h  m 
the  vacuum  formed  in  the  upper  end  of  the  *  t  i 

tuhe  above  the  surfa  e  of  the  n  eroury  has  Jetn  call"  1 
Torricellian  vneuum  It  is  by  fur  the  most  peite'-t  nci 
that  can  be  obtaiULl  containing  neccsiarily  nothing  bi 
Ininute  quantity  if  the  vipoi  of  meicuiy 


Pass  a  little  ether  through  the  mercury  in  the  tube,  and  as 
soon  as  it  reaches  the  empty  space  it  will  boil  violently,  depress- 
ing the  mercury  until  the  preaaure  of  ita  own  vapor  is  satfi- 
eient  to  prevent  ilH  ebullition.  If  you  now  cool  the  upper  part 
of  the  tube,  so  as  to  condense  the  vapor,  the  pressure  being 
thus  removed,  the  ether  will  again  begin  to  boil,  and  so  alter- 
nately, as  often  as  you  please.  In  order  io  show  this  fact  with 
effect,  the  bore  of  the  tube  should  not  be  less  than  half  an  inch 
In  diameter. 


Atmospheric  air  contains,  besides  the  oxygen  and  nitrogen, 

jts  principal  constituents,  a  small  proportion  of  carbonic  acid 

gas,  as  has  been  mentioned;  and  this  may  be  shown  by  filling 
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turbid  from  the  insoluble  carbonate  of  lime  formeii. 

When  we  eoQeider  tliat  every  living  eniuial  is  constantly 
consuming  osygen  and  replacing  it  by  carbonic  acid  gas,  and 
that  uU  burning  bodies,  fires  In  our  dwellings,  furnaces,  arti- 
ficial liglil.s  of  all  kinds,  aet  in  the  same  way  in  abstracting  the 
oxygen  from  the  air  and  repricing  it  by  immense  quantities 
of  oarbonic  acid  gas,  wliioli  is  a  poison  to  ail  animals  who 
breathe  or  attempt  to  breathe  it,  we  must  wonder  what  be- 
comes of  this  irrespirable  gas,  as  it  is  found  to  exist  in  the  air 
in  quantities  so  minute,  and  by  what  means  the  oxygen  is 
restored  and  the  air  again  made  fit  for  respiratioD.  This  is 
eft'ected  by  one  of  those  laws  which  the  wisdom  of  the  Creator 
has  impressed  upon  matter,  by  which  one  part  of  creation  as  it 
were  balances  another,  and  ;ill  proceeds  in  an  endless  circle  of 
change.  This  carbonic  acid,  which  is  so  poisonous  to  animal 
life,  is  the  food  of  the  vegetable  world,  plants  having  the  power 
of  taking  up  the  carbonic  acid  into  their  pores,  converting 
the  carbon  into  their  own  substance,  and  rejecting  the  oxygen, 
which  is  again  respired  by  animals,  &c.  In  the  same  way,  ail 
animal  refuse  is  tiie  food  of  vegetables,  and  is  used  under  the 
name  of  manures. 

The  atmosphere  contains  also  a  variable  quantity  of  vapor 
of  water,  invisible  so  long  as  it  is  in  the  state  of  vapor,  but 
it  may  be  rendered  obvious  by  bringing  any  very  cold  body 
into  warm  air.  when  the  vapor  will  condense  on  the  cold  body 
in  the  form  of  small  drops  of  water.  A  tumbler  of  fresh- 
pumped  water  brought  into  a  crowded  room  is  almost  im- 
mediately covered  with  moisture,  ntid  it  may  also  be  seen  on 
bottles  of  wine  which  have  been  put  into  ice  before  coming  to 
table.  Fogs  are  occasioned  by  the  condensation  of  vapor 
produced  by  miiing  a  current  of  warm  air  with  a  colder  air. 
The  Banks  of  Newfoundland  are  notorious  Cor  dense  fogs, 
occasioned  by  the  warm  air  brought  from  the  south  by  the 
great  Gulf  Stream  mixing  with  the  cold  nir  from  the  Arctic 
regions,  and  thus  precipitating  the  vapor  in  a  visible  form, 
rendering  every  tiling  but  itself  invisible.  The  famous  London 
fogs  depend  upon  the  same  precipitation  of  the  vapor  of  water, 
with  the  addition  of  the  smoke  from  the  numerous  i^ea-co.tl 
fires,  which  give  it  tliat  interesting  yellow  tinge  for  which  it  is 
80  remarkable. 

Aqueous  vapor,  being  lighter  and  more  transparent  than 
air.  permits  objects  to  be  seen  more  distinctly  in  proportion  to 
its  quantity:  hence,  when  distant  hills  appear  nearer  and 
objects  upon  them  more  distinct  than  usual,  rain  may  he  ex- 
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P  Id  gu    b  rrel  and  plug  up  tho  louch-hole  with 

w  f     1    g      q     ntity  of  osygen  la  required,  obtftin  aa 

p  y  q       k    1         boltk       In  the  first  place,  fit   iotu   the 

g       b        1  k         b  a,  pewter  tube    or  streti:b  a  piece  of 

1  did         \\       tube  over  tlie  end  of  the  gun-borrel, 

b        g  p  I    Y        dm  Home  black  oxide  of  mangaDeae, 

g  p  wd        as   the   latter  cnntsins  water,   which, 

p  d  g  t  t  m  hfts  a  ten  iencv  to  blow  out  the  pow- 
d       d  m      g  g  it  to  olog  the  pewter  tube  or  vul- 

d  I  d         bb  hing      If  the  tauth-hole  end  be  now 

pi      d  h  tw  h     b  r*<  on  an  ordinary  6ve,  and  the  tube 

yd  h  beneath  the  surface  of  some  water  in 

pi  f  t  b  b  bbles  ot  gis  will  soon  escape,  which  can 
be  collected  in  a  bottle  pievioualj  filled  with  water  and  held 
over  the  end  of  the  pipe  the  gai  ascends  into  the  bottle,  gra- 
dually displacing  Ihe  water  and,  when  filled,  the  boitle  is 
corked,  or  stoppeied    under  wafer   and  remOTed  for  use. 


legas-is 


If  Ihe  large  mercury-bottle  is  used,  an  iron  pipe  is  screwed 
into  the  orifice,  from  which  the  plug  ia  removed,  and  when  tlie 
pipe  is  fixed,  the  bottle  is  filled  with  grain  manganese  and 
placed  in  a  proper  furnace,  whilst  the  gaa  can  bo  conveyed  to 
apneumatictroughby  means  of  vulcanized  India-rubber  tubing, 
whicli  is  remarkably  useful  for  all  experiments  connected  with 


the 


gase. 
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Obtain 


Flore 


washing  the  flnsli,  let 
the  Tessei  drj,  and 
(hen  take  anaj  the 
wicker-work, —  which 
3  wasted, 


flask,  lind,  having  cleaned  out  the  oil  by 
of  soap  and  boiling  water,  and  thovoiighlj 


oHed 


round  and  bound,  i 
answers  admirably  for 
a  stand  to  support  tliB 
flask  nprtght.  Into 
the  flask  place  a  mis- 


■e  of  tv 


■3  of 


powdered  chlorate  of 

potash  and  one  ounce 

of    powdered    black 

oxide  of  manganese. 

both  of  which  ahoulil    g^ 

be  dry  anil  well  miied 

before  they  are  placet!   »!' 

in  th«  flask;  then  fit  a   ,J 

cork  and  pewler  tube,    of 

The  cork  can  be  easily   '^ 

bored,   either  with   a   ^ 

rat-tail  file,  or,  what   frt 

is  still  better,  a  cork-       N.B.  with  the  nhoie  urnrngenieiH  nearly  nil 

borer,  which    can    be    *!«  most  mler^Ung  gasM  may  be  p.-epai'ed. 

purchased  at  any  of  the  chemical -apparatus  shops.     Now  place 

the  flask  and  bent  tube  on  a  ring-stand,  and  apply  the  heat  of  a 

spirit-lamp,  when  torrents  of  gas  will  escape.     The  oxygen 

may  be   collected   in  gas-jars  or  bottles  orer  the  pneumatic 

Irongh,  and  pictures  of  all  tbe  apparatus  used  are  given  here, 

to  assist  the  manipulation  of  the  youthful  chemist,  who  will,  of 

course,  be  most  desirous  to  begin  by  making  osjgen  gas. 


EXPERIMENTS  WITH  OXYGEN  GAS. 
If  a  lighted  taper  is  blown  out  bo  as  to  leave  a  part  of  the  snuff 
(so  called,  i.e.  lie  wick)  in  a  stale  of  ignition,  and  then  plnngcd 
into  osygen  gas,  tbe  taper  relights  with  a  slight  pop  or  noise, 
being  a  good  ciample  of  the  power  of  osygen  to  ivpp„n  cvm- 
bujilion. 

449  Sti'- 


,y  Google 


CHEMISTRY. 


Into  a  deflagrating  spoon  (which  is  n  little  cap  made  of  brasi 
or  copper  sovemed  ou  to  tlie  end  of  a  copper  or  iron  wire)  place 
a  little  Buiphur  ;  nhen  set  on  fire,  and  plunged  into  oijgen,  it 
emits  a  moat  rernarkable  colored  liglit.  After  the  combuB- 
tion  is  over,  some  amusing  ejperimenta  can  be  made  irith  thfl 
product. 


If  a  red  rose  be  placed  inside  the  jar  where  the  sulphur  kaa 
been  burnt,  the  color  is  discharged,  and  the  rose  rendered 
nearly  white. 

Many  rariegated  dahlias,  blue  heartsease,  or  a  bunch  of  blue 
violets,  bare  their  colors  curiously  modified,  if  not  bleached, 
by  the  acid  produced,  whicli  is  called  sulphurous  acid,  and  is 
m  larg  1  employed  for  bleaching  straw  hat  a  and  bonnets. 
Th  am  a  id  is  osceedingly  saluable  as  a  disinfectant,  and 
a  arresting   fermentation.     Many  caslts  of  hume-made 

If  n  b  m  home-made  vinegar  in  consequence  of  the  rapidity 
O  h  frm  ntation  in  warm  weather ;  and  the  fumes  of  sul- 
phu  b  a  ned  either  by  burning  that  Bubatanoe  in  air  or  oiy- 
g  n  ha  e  he  remarkable  power  of  stopping  the  too  rapid  con- 
n  gar  into  alcohol.     The  sulpliurous  acid  described 

IS  one  0  he  most  ancipnt  bleaching  agents,  and  it  is  eyen 
mentioned  by  Fliny  as  used  for  whitening  woollen  fleeces. 


After  trying  the  bleach  ng  experiments  explained  let  the 
gas  |ar  and  the  remaining  fumes  stand  for  some  little  time  in  a 
dish  with  water  Lontaimng  a  little  nitrio  acid,  when  the  acid 
and  some  suiphunc  aeid  will  gradually  fall  into  and  mix  with 
the  water,  which  should  be  pure  and  distilled.  If  a  piece  of 
paper  colored  blue  with  tincture  of  litmus  be  dipped  into  the 
water,  it  changes  red,  demonstrating  the  preseijco  of  an  acid 
body;  and,  on  the  addition  of  a  solution  of  nitrate  of  baryta,  a 
white  precipitate  falls,  called  sulphate  of  baryta,  or  heavi/  v-hite. 
This  is  a  pigment  largely  used  for  enamelled  papers,  and  is  also 
sometimes  employed  tc  adulterate  while  lead.  Experiments 
can  always  be  made  instructive  as  well  as  entertaining ;  and  (he 
production  of  the  hta<»i  v:kile  is  a  good  example  of  cliemioal 
affinity,  as  well  as  of  the  indestructibility  of  matter,  for  it  now 
»outainB  the  greater  part  of  the  sulpliur  originally  burnt  in  (he 
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Test-papers  are  eiJeedingly  valuable  to  (he  eiperimenlitl 
chemist  for  the  purpose  of  detecting  the  presence  of  acids  and 
alkalies;  and  they  may  be  prepared  in  the  most  simple  mauoer. 
Take  an  ounce  of  litmus  and  place  it  in  a  ten-ounce  bottio, 
pour  upon  it  a  mixture  of  five  ounces  of  alcohol  (methylated 
spirit  will  do  very  well)  and  fire  ounces  of  water;  continually 
ehake  the  ingredients  during  several  days,  when  a  deep 
blue  tincture  will  ba  obtained,  which  may  be  poured  off  clear 
into  another  bottle,  or  filtered  through  blotting- paper.  To  use 
Uie  tmcl'tre  of  litmus,  (for  all  solutions  of  vegetable  suTiBtanceB 
in  alcohol  are  generally  called  tinctures,  cspe.cially  when  em- 
ployed iu  medicine,)  pour  a  little  into  a  soup-plate,  and  then 
lake  some  strips  of  blotting-paper,  pass  them  through  the  Cinc- 
ture, when  they  'will  absorb  sufficient  to  color  the  paper  a 
lovely  blue,  which  is  now  to  be  hung  up,  and  when  dry  placed 
in  a  well  corked  or  stoppered  wide-mouthed  bottle  in  a  dark 
place.  The  paper  is  now  called  litmus  paper,  and  is  an  eioecd- 
ingly  delicate  test  for  acid  bodies  soluble  in  water. 


This  test  is  used  to  detect  alkalies,  and,  in  contact  with  a 
solution  of  potash,  soda,  or  ammonia,  changes  to  a  reddish- 
brown;  it  is  prepared  in  precisely  the  same  manner  as  the 
litmus  paper,  by  using  one  ounce  of  powdi 


Take  some  litmus  paper  and  pass  it  through  very  weak  v 
gar,  and  hang  it  up  to  dry.  The  paper  is  now  red  ;  but  in 
presence  of  an  alkali  it  immediately  changes  to  a  blue,  as  i 
be  noticed  in  trying  some  other  amusing  experiments  v 
oxygen  gas. 


If  this  experiment  is  tried  with  the  precautions  mentioned, 
the  gas-jar  may  be  usually  saved ;  but,  if  carelessly  performed, 
tlio  heat  produced  is  so  great  that  it  generally  cracks  the  glass. 
Take  a  moderate-siied  piece  of  phosphorus  and  dry  thoroughly 
by  pressing  it  gently  in  blotting-paper;  place  this  in  a  defla- 
grating spoon,  and,  having  previously  removed  the  stopper  »( 
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th    g     j  ntainina  ths  oiygen,  place  the  epoou  and  its  con- 

t     t         tli      eck  of  the  jar,  and  then  ignite  tbe  phosphorus  bj 
t       h    g  t  w  thahot  wire.     Now  place  the  spoon  in  the  centra 
1  tb     J       when  a  dazzling  bright  light  is  oblained.     This 
p  t      made  still  more  amusing  by  first  showing  some 

fl  w  p  ta  and  colored  ailks  by  a  monochromatic  -ight, 

a  d  ft  w  d  lighting  up  the  phosphorus,  when  all  the  colors 
h  w  with  great  brilliancy.  In  thia  caac  tic  gna-jar 
shoul  1  be  ened  from  the  eyes  of  the  Bpeetators,  so  that  they 
may  be  able  to  appreciate  the  changes  of  color  in  the  artielea 
displayed  by  the  two  lights. 


Into  a  pint-bottla  of  methylated  spirit  place  two  ounces  of 


a  clolh  or  some  eotlon-wool  t 


stick  and  placed  in  the  nozile  of  a  common  candlesliok.  If 
flowers  or  colored  shawls  are  eihibited  by  the  light  obtained 
from  the  burning  spirit  containing  the  salt,  they  present  a  moat 
dreary  and  monotonous  appearance,  and  the  contrast  is  very 
marked  when  the  jar  of  oiygen  is  produced  and  Ihe  phos- 
phorus burnt ;  the  colors  appear  to  bo  restored  ae  if  by  magic. 
Of  course,  theae  exper^ '  "• •■  ■"  "  -'""'' — ■* 


If  Ihe  phosphorus  ia  burnt  in  a  ja 
rna,   the  phoaphoric  acid  deposits  ij 
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oiiied  rapidly  with  lime  and  a  little  walcr,  constitute  a  useful 
rnatenal  for  stopping  teeth,  as  the  lime  and  pliosplioric  aeiii 
unite  and  form  phosphate  of  lime ;  this  substance  is  perfectly 
harmleaH,  ftud,  unlike  the  dangerous  mercurial  amalgams  placed 
in  hollow  teeth,  cannot  injure  the  health  of  persons  usin^  it. 
If  the  jar  of  oiygen  stands  in  a  plate  containing  water,  iha 
white  flakes  of  phosphoric  acid  rapidly  dissolye,  and,  wheo 
tested  liy  the  litmus  paper,  betray  the  presence  of  the  acid  by 
the  change  of  the  blue  to  red.  This  experiment  contrast! 
curiously  with  tlie  nest. 


Potassium  is  light^  than  "nater,  and  vhen  placed  in  a  spoon 
and  heated  hy  a  spirit-lamp,  and  then  plunged  into  a  jar  of 
oxygen,  it  glows  witli  an  intense  and  sudden  heat.  If  the 
product  contained  in  the  spoon  is  now  dissolved  in  water,  the 
solution  changes  the  color  of  the  turmeric  from  a  yellow  to  & 
reddish  brown,  showing  tiat  oiygen  can  not  only  produce  au 
acid  but  an  alkali ;  and  a  very  interesting  result  is  obtained  by 
taking  the  litmus  paper  changed  lo  red  f^om  the  phosphoric 
acid,  and  restoring  tbe  blue  by  dipping  it  into  tbe  solution  from 
the  potassium,  or  by  taking  the  turmeric  paper,  already 
changed  to  a  reddish  brown  by  the  alkali,  and  bringing  back 
the  bright  yellow  by  placing  it  into  tho  phosphoric- acid  solu- 
tion. This  experiment,  which  is  quite  chameleon  in  its  charac- 
ter, is  very  easily  performed,  and  furnishes  a  striking  example 
of  the  diS'erence  between  acids  and  alkalies. 


Take  a  bit  of  watch-spring,  and  soflen  the  end  by  moans  of 
the  flame  of  a  spirit-lamp.  When  cold,  twist  round  it  a  piece 
of  waxed  thread  or  waxed  taper.  If  (his  is  set  on  £rc,  and 
introduced  into  a  jar  of  oxygen,  the  steel  spring  burns  with 
great  intensity,  throwing  out  sparks  in  every  direction;  and, 
as  these  are  extremely  hot,  they  strike  against  and  melt  them- 
selves into  the  body  of  tho  glass;  other  portions  fall  into  the 
water  below,  and  frequently  pass  through  the  stratum  of  water, 
melting  the  glaie  and  adhering  firmly  to  it.  In  this  eiperimeni 
the  result  is  neither  acid  nor  alkaline,  but  a  mixture  of  the 
oxides  of  iron,  a  neutral  compound  being  formed;  and  it  is 
very  curious  here  to  majk  the  elasticity;  harilness,  and  tough- 
ness of  the  steel  as  compared  with  the  product  of  combustion, 
■^hich  is  so  brittle  that  it  may  be  crushed  by  the  fingers  in  the 
palm  of  the  hand. 
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Potassium  will  burn  very  readily  in  oxygen  gas,  the  com- 
bustion being  relftrded  chiefly  from  (he  formation  of  n  orutit 
of  oiide  or  potash  oovering  the  metal.  This  does  not  oocur 
If  potasaium  is  thrown  on  water:  the  metal  oiidiies  rapidly, 
and  so  much  heat  is  generated  during  tlie  change,  t^at  the 
hydrogen  escaping  around  the  ignited  ball  takes  fire,  whilst  the 
potash  formed  on  the  aurfaoe  is  rapidly  cleared  off,  and  Iha 
whole  mass  being  converted  into  potash  is  at  the  last  a  red-hot 
ball  of  that  substance,  and,  being  no  longer  able  to  maintain 
ila  high  temperature,  comes  in  contact  with  the  water,  and 
bursts  with  a,  sharp  crack;  and  for  that  renscn  the  vessel 
_  in  which  potassium  is  burnt  must  not  be 

approached  at  the  last  stage  of  the  oombus- 
tton  loo  closely,  as  the  particles  from  the 
red-hot  ball  of  potash  would  cause  intense 
agony  if  (hey  happened  to  ent«r  the  eye. 
Advantage  is  taken  of  this  property  in  the 
I  popular  esporiment  called  the  "Modern 
I  Greek  Fire."  Globes  of  glass  are  filled  with 
er  or  naphtha,  and  a  thin  glass  tube 
placed  inside,  containing  some  small  pellets 
Tig.  14.  — A  The  "^  **'*  "let'il  potassium.  If  a  bullet  Or  a 
glolie  full  of  naphtha  marble  is  placed  in  the  glass  globe,  and  it  ia 
or  "her.  dashed   on   the   surface   of  the  water,   the 

In  «  Wt  of  thMd'at  globe,  with  the  slender  tube  containing  the 
Inched  to  tlie  coik,  potassium,  breaks,  tho  contents  are  dia- 
Mintiilning  (he  potas.  charged  on  tho  water  upon  which  the  ether 
'™Tlie  bullet  to  in-  '"^^  potassium  float,  and  as  the  latter  takes 
iiiTe  Die  fmctiiro  ef  fire  instantaneously,  it  communicates  to  the 
the  glass.  ether  or  naphtha,  and  a  perfect  sheet  of  fire 

covers  the  tank,  pond,  or  lake  in  which  the  experiment  ii 
performed. 


Make  a  hole  in  a  thick  piece  of  ice,  dry  it  out  with  some 
cotton,  and  pln^e  into  the  hole  a  bit  of  potassium,  when  the 
metal  immediately  takes  lire,  and  sometimes  is  discharged 
from  the  hole  with  great  violence,  especially  if  the  potassium 
has  been  held  some  time  in  the  fingers  and  become  warm.  Care 
must  always  be  taken  not  to  lean  over  the  ice  or  water  during 
experiments  with  potassium ;  and  it  should  be  remembered  thai 
it  very  nearly  always  explodes  when  held  in  the  fingers  ot 
warmed  before  use. 
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THE  ANALYSIS  OF  AIR. 

Onf  of  the  most  pleasing  and  simple  experiments  ia  that  of 
ftnalyiing  air,  or  separating  it  into  its  constituent  part&r  thus,  i( 
a  ligbtBil  taper  be  placed  jn  a  bottle,  it  bums  at  first  with  it) 
ordinary  brilliancy  ;  in  a  short  time,  however,  the  flame  dimi- 
nishes and  the  work  of  combustian  19  brought  lo  aa  end.  It 
might  be  thought  that  the  carbon  of  the  taper  had  removed  nil 
the  oijgen  and  converted  it  into  carbonic  acid;  and,  to  prove 
that  Ihis  is  not  the  ease,  a  little  burning  sulphur  in  a  spoon, is 
now  introduced,  which  is  not  extinguished  till  some  time  hns 
elapsed.  After  this  burning  phosphorus  may  be  placed  into 
the  same  bottle,  and  when  the  latter  suhstance  has  ceased 
burning,  no  other  eombustible  wil 
continue  to  burn,  as  the  oxygen  ji 
wholly  removed,  and  nitrogen  witl 
the  white  smoke  of  the  phosphorii 
acid  alone  remain;  the  latter  sooi 
:8  sway  in  the  presence 


little   t 


hind. 


ing   the 


Nitrogen  or  aiote  instantly  ex- 
tinguishes a  lighted  taper,  and  is 
lighter  than  oxygen,  as  may  be 
proved  by  tie  nest  experiment. 


If  alcohol,  colored  blue  with 
Jitmus,  be  placed  into  a  phial,  soma 
water  may  be  introduced  beneath  it 
by  means  of  a  tube,  and  the  former 
floats  on  the  latter.  The  same 
principle  may  be  displayed  with 
the  gases;  thus,  if  ajar  containing 

oiygen  is  inverted,  and  plttoed  with  -n  .  --  --  -•^  C^  D 
to  moull,  „p,,rd,  ..d  cmerri  ^^JiSSHEi-^^V, 
With  a  glasi  plate,  and  another  jar,  cwmTWHiwi"-'wwf^  iwjii.i-.rf 
containing  nitrogen  gas,  (with  a  pig.  16.— s.  gsB.jar,  containing 
similar  glass  plate,)  in  the  upright  "if;^"',^,'.  c?oiwn"o  ''tH^ 
position,  he  placed  upon  it.  the  two  ^^^-l,  ■„  pxllngui/hod  at'n  and 
glass  plates  can  be  withdrawn;  and  re-iiglito*  ai  0.  d,  b,  stBuil,  Bup 
I  liifhted  taper  being  introduced  is  purling  the  jart 
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if  the  stand  &c. 
he  [laced  ou  the  ahelf  of 
the  pneumatic  trough  the 
water  will  absorb  the  phos- 
phoric acid  and  nae  in  the 
jar  in  consequence  of  the 
remoTsl  of  one  fifth  of  the 
V  lume  — Tii  oxygen  gaa. 
After  the  white  smoke  haa 
di  appeared  the  residual 
gaa  IS  nitrogen 


Take  four  i 
nitrogen  and  pass  them  into 
r,  or,  what  is  better,  graduate 
oruividealongjarinto  five  equal  parta, 
and  fill  four  of  the  parts  with  nitrogen 
gas,  which  extinguishes  flame;  then 
e  oijgen  gas,  to  fill  up  the 
remaining  one-fillh  in  the  graduated 
long  glass  ;  finally,  slide  a  glass  plat« 
:r  the  orifice  of  the  jar,  and  agital 

A  lighted  taper  introduced  i 
misture  bums  precisely  as  it  would  do 
in  common  air;  and  tbe  experiment  is 
very  instructive,  and  shows  the  sjn- 
thesis   of   the    chief   c        "        '        " 


4ot> 
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HEAT.  OR  CALORIC, 


The  oh  e{  agent  n  ci 
particles  of  bod  es  froj 
caloric,  by  wh  ch  a  1 
oalled  heitt.     Philasopiiei 


ng  he  rer  Isonorsepara  on  of  the 
ic  0  her  i  hea  or  more  oorreo  \j 
i  ood  1  e  unknown  a  of  he  eflecl 
I  are  net  ng  eed  upon  the  nature  of 
tniB  wonderful  agenl.  It  pervades  all  nature,  is  tbe  cause  of 
nearly  all  the  changes  that  lake  place,  whether  in  organic  or 
inorganic  matter,  and  has  great  influence  in  the  meteorological 
phenomena  irhich  we  observe  in  the  atmosphere  that  surrounds 
our  planet.  It  appears  to  be  intimately  connected  vitli  light, 
electricity,  and  magnetism,  eubjects  wbidi  t  he  genius  of  Farnday 
and  others  ia  investigating,  and  by  their  discOTeries  bringing 
us  nearer  to  the  knowledge  of  the  real  nature  of  these  most 
wonderful  forces. 

lU  bodies,  and  has  a  constant  ten- 
far  at  least  as  its  outward  nianifeal:»- 
s  concerned;  for  if  a  hoi  body  be 
,  will  give  up  bent  (o  them,  until  by 
its  loss  and  their  gain  tliey  all  become  of  the  same  tempera- 
tore  ;  and  Ihia  proceeds  more  or  less  rapidly  accoi-ding  as  the 
•riginal  difference  of  temperature  was  greater  or  less.  Some 
other  circumstances  also  influence  th)s  equalization.  The  con- 
verse will  tnRe  place  on  introducing  a  cold  body  among  warmer 
onea.  when  lieat  will  be  abstracted  from  nil  the  bodies  witbin 
teaoh  of  ils  influence,  until  it  has  absorbed  suffic'ent  caloric  t» 
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bring  its  own  temperature  to  nn  eqnalit?  with  tlieirs.  This  tj 
the  true  eiplanation  of  tlie  tipparent  production  of  cold.  When, 
for  instance,  an  iceberg  comes  ncrofs  a  ship's  course,  it  appears 
to  piVe  out  colli,  whereas,  it  has  abstracted  the  heat  from  the 
ttir  »nd  sea  in  its  neighborhood,  and  ihey  in  turn  act  upon  the 
ship  and  every  tLiog  in  it,  until  one  eommon  temperature  is 
produced  in  all  the  neighboring  bodies. 

It  does  not  follow  that  the  bodies  thus  equalized  in  tempe- 
rature cortain  equal  quantities  of  caloric  ;  far  from  it.  Each 
bodv  requires  a  particular  quantity  of  caloric  to  raise  its  tem- 
perature through  a  certain  number  of  degrees ;  and  suoh 
quantity  is  called  its  specific  caloric.  A  pound  of  water,  for 
instance,  will  take  .just  twice  as  much  caloric  as  a  pound  of 
olive  oil  to  rtuse  its  temperature  through  the  same  number  of 
degrees:  tha  ipedfic  calorie  of  water  is,  therefore,  double  that 
of  oil.  Mil  any  quantity  of  oil  at  60=  of  temperature  with  an 
equal  weight  of  water  at  90°,  and  you  will  find  the  temperature 
of  the  miiture  to  be  nearly  80°,  instead  of  only  74"  or  75°, 
showing  that  while  the  water  baa  lost  only  10°  of  caloric,'the 
mixture  has  risen  20°.  If  the  oil  be  at  90°,  and  the  water  at 
C0°.  (he  resulting  temperature  will  be  only  70°,  or  thereabouts, 
instead  of  76°.  the  mean :  thus,  hero  the  hot  oil  has  lost  20°. 
while  the  mixture  has  risen  only  10°;  the  water,  then,  contains 
at  the  same  temperature  ttcice  as  much  caloric  as  the  oil ;  its 
specific  caloric  is  danbU  that  of  the  oil.  This  mean  tempera- 
ture does  result  when  equal  weights  of  the  same  body  at  differ- 
ent temperatures  are  miied  together. 

The  sensationa  called  heat  and  cold  are  by  no  means  accurate 
measures  of  the  real  temperature  of  any  substances,  for  many 
causes  influence  these  sensations,  some  belonging  to  the  eiib- 
stanoes  thcmselTes.  others  to  the  state  of  out  organs  at  the 
time.  Every  one  has  remarked  that  metals  in  a  warm  room 
feel  warmer,  and  in  a  cold  room  colder.  Ihnn  wooden  articles, 
and  these  again  than  woollen  or  cotton  arliclcB  of  dresB  or  fur- 
niture; tMa  arises  from  metals  being  what  is  termed  better 
eondacioTi  of  heat  than  wood,  and  this  better  than  wool,  &c.; 
that  is,  they  give  out  or  absorb  caloric  more  rapidly  than  these 
last.  Some  philosophers,  wishing  to  ascertain  how  much  heat 
the  human  body  could  endure,  had  a  room  heated  with  stoves, 
«very  crevice  being  carefully  stopped,  until  the  temperature 
rose  so  high  that  a  beefsteak  placed  on  the  table  was  suffi- 
ciently cooked  to  be  eaten.  They  were  dressed  in  flannel,  and 
could  with  impunity  touch  the  carpets,  curtains,  kit.,  in  the 
room-  but  the  iron  handles,  firt-iroris.  and  all  metallic  sub- 
stances, burnt  their  lingers;  and  one  who  wore  silver  specla- 
cles  was  obliged  to  remove  them  to  save  his  nose.  The  fallacy 
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may  be  easily  shown  bj  lakiiig  two  basins, 
Ijiauiiig  HI  out  aouie  water  at  100°,  in  another  some  water  at  as 
low  ft  temperature  as  can  easily  be  procured ;  hold  (he  right  hand  . 
in  one,  the  left  in  the  other,  for  a  few  minutes,  and  then  mii 
them,  and  place  both  hands  in  the  miiture  ;  it  will  feel  quite 
cold  to  tJio  hand  that  had  beeit  in  the  hotter  water,  and  hoi  to 
the  other. 

In  order  to  arrive  at  a  correct  estimate  of  the  temperature 
of  bodies,  instruments  are  made  use  of,  called  tliermometeta,  or 
measurers  of  heat,  which  show  inoroaso  or  diminntion  of  tem- 
perature by  the  rising  or  falling  of  a  column  of  some  fluid  in  a 
tube  of  glass,  one  end  of  which  is  expanded  into  a  bulb,  and 
the  other  hermetically  sealed.  This  effect  is  produced  by  the 
eipansion  or  swjlling  of  the  fluid  as  caloric  is  added  to,  and 
its  contraction  when  caloric  is  abstracted  from  it.  Colored 
spirits  of  wine,  or  quicksilver,  are  the  most  usual  thermometric 
fluids,  and  the  tube  containing  them  is  fised  to  a  wooden  or 
metallic  frame,  on  which  certain  divisions  are  marked,  called 
degrees. 

That  in  genera!  use  in  England  is  called  Fahrenheit's,  from 
the  name  of  the  person  who  first  introduced  that  particular 
scale.  In  this  thermometer,  the  point  at  which  the  mercury  in 
the  tube  stands  when  plunged  into  melting  ice  is  marked  32°, 
and  the  distance  between  that  point,  and  the  point  to  which 
the  mercury  rises  in  boiling  water,  is  divided  into  130  eqnal 
parts,  called  degrees;  so  that  water  is  said  to  boil  at  212°  = 
180°  +  32°.  There  are  two  other  Bcales  of  temperature  used 
in  different  parta  of  the  world,  but  it  is  not  worth  while  to 
notice  them  here. 

Not  only  do  different  bodies  at  the  same  degree  of  tempera- 
ture contain  very  different  quontitica  of  caloric,  but  thia  also  is 
the  oase  with  the  same  body  in  different  forms.  Ice,  water, 
and  steam,  ore  three  forms  of  tie  same  body,  but  ice  at  32° 
contain;  much  less  caloric  than  water  at  the  same  temperature, 
and  water  at  212°  contains  much  less  caloric  than  steam  (or 
water  in  a  state  of  vapor)  at  that  temperature. 

Place  in  ajar  any  given  quantity  of  snow,  or  small  pieces  of 
ieo,  at  32°,  and  in  another  the  same  weight  of  water  at  32°, 
pour  on  each  an  equal  weight  of  water  at  172°,  and  you  will 
find  that  in  the  first  ease  the  ice  will  be  melted,  but  the  tempe- 
rature will  remain  at  32°  or  thereabouts,  while  the  temperature 
of  the  water  in  the  other  vessel  will  have  risen  to  100°  or  there- 
abouts, being  as  near  as  possible  the  half  of  the  esceas  of  the 
temperature  of  the  hot  water,  140°  over  that  of  the  cold,  namelv 
70°  added  to  82°,  (he  original  temperature.  Now,  what  has 
became  of  the  heat  which  was  added  to  the  ice,  and  is  appa- 
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ind  the  temperature  -will  be  nearly  212°.  Why  does  the  ounce  of 
tiea.m  at  212°  raise  the  temperature  of  the  water  so  much  higher 
than  the  ounce  of  water  at  the  eame  tempernture  ?  Obviously, 
because  it  contains  biiiden  in  its  substance  a  vast  quantity  of 
caloric,  not  to  be  detected  by  the   Ihermometer;   in  fsot,  that 

pound  of  ice  and  caloric  ;   and  thin  oal  ''ic  which  eiists.  more  or 
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fana,  in  all  bodies  without  producing  any  obvious  effoot,  is  called 
lalent  caloric,  from  Lhe  Latin  verb  laleo,  lo  lie  hidden.  The  quan- 
tity of  caloric  thus  absorbed  as  it  were  by  Tarioua  bodies 
diffora  for  each  body,  and  for  the  same  body  in  different  forms, 


Ab  a  general  rule,  all  bodies,  whether  solid,  liquid,  or  gaft- 
eous,  are  expanded  by  calorie.  This  may  be  ehown  by  experi- 
ments ill  each  form  of  matter. 

Have  a  small  iron  rod  made,  which  when  cold  just  passes 
through  a  hole  in  a  plate  of  metal;  heat  it,  and  it  will  no 
longer  pass;  after  a  time  the  rod  will  return  to  its  former  tem- 
perature, and  then  will  go  through  the  hole  as  before.  The 
rod  increases  in  length  as  well  as  width ;  if  you  have  a  gauge 
diTided  into  ^^J^  of  an  inch,  and  place  tlie  rod  in  it  when  cold. 
Doting  its  position,  on  heating,  it  will  extend  fo  a  greater 
length  in  the  gauge,  returning  to  its  former  place  when  cool. 
(See  Fig.  18,  p.  457.) 

The  effect  of  caloric  in  causing  fluids  to  expand  is  actually 
employed  as  a  measure  of  quantity  in  the  theruiotneter,  the 
rise  of  the  fluid  in  the  tube  when  heated  depending  on  the 
increaaeci  bulk  of  the  fluid  occasioned  by  ihe  addition  of 
caloric.  The  same  faot  is  to  be  noticed  every  day  when  the 
cook  fills  the  kettle  and  places  it  on  the  fire.  As  the  water 
becomes  warmer  it  expands,  that  is,  takes  up  more  room  than 
it  did  before,  and  the  water  escapes  by  slow  degrees,  increas- 
ing as  the  heat  increases,  up  to  the  point  of  boiling,  when  a 
sudden  commotion  takes  place  from  a  condensation  of  a  portion 
of  the  water  into  steam. 

Bat  it  is  in  the  form  of  vapor  or  gas  (which,  by-the-by,  is 
not  the  same  thing*)  that  the  expansive  force  of  caloric  ia  most 
obvious.  The  gigantic  powers  of  ihe  steam-engine  depend 
entirely  on  the  tendency  of  vapor  to  cspand  on  the  addition 
of  caloric;  and  this  force  of  espansion  appears  to  have  no 
limit;  boilers  made  of  iron  plates  an  inch  or  even  more  in 
thickness,  and  the  buildings  or  ships  containing  them,  having 
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been  torn  la  pieces  and  acatfercd  in  all  dircclions  by  the  BX- 
panslve  power  of  steam.  Take  a.  bladder,  and  till  it  about  hnlf 
fill!  of  sir,  aod  tie  tlie  neck  securely;  upon  holding  it  lo  tlio 
lire  it  will  swell  out,  and  become  quite  tense  froui  the  expan- 
sion of  the  contained  air. 

The  principal  source  of  caloric  is  the  sun,  whose  beams,  dif- 
fused through  all  nature  by  the  refractive  property  of  the 
atmosphere,  are  the  source  of  vitality  both  to  vegetables  and 
auimaU,  and,  when  concentrated  by  a  large  convex  tens,  pro- 
duce the  most  intense  heat,  sufficient  to  light  a  piece  of  dia- 
mond and  melt  platinum.  Caloric  ia  also  produced  or  evolved 
by  combustion,  by  Miction,  percussion,  chemical  combination, 
electricity,  and  galvanism. 

The  evolution  of  heat  by  friction  may  be  witnessed  daily  in 
a  thousand  instances.  Lucifer  matches  are  lighted  by  rubbing 
the  highly  inflammable  substances  with  which  they  are  tipped 
against  a  piece  of  sandpaper.  Kearly  all  savage  people 
procure  fire  by  rubbing  a  piece  of  hard  wood  violently 
against  a  softer  piece.  The  salo-treea  of  ateam -engines,  and 
even  of  carriages,  have  been  known  to  be  so  heated  by  friction 
as  to  endanger  burning  the  carriage ;  and  it  is  very  usual  to  b* 
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obliged  (o  poiii  ,.,  quantity  of  cold  water  on  the  iron  axle  of  tba 
earriagea  i;l'  aii  express  train  after  an  boui'  of  constunt  anil 
rapid  v,.ii.  If  you  merely  rah  the  blade  of  a  knife  rapidly 
on  a  piece  of  irood,  it  irill  become  hot  enough  to  burn  your 
hand. 

PercuBBion  is  merely  a  more  energetic  kind  of  friction,  and 
is  often  resorted  to  by  the  blacksmith  to  light  bis  furnace.  He 
places  a  nail  or  other  piece  of  soft  iron  on  bis  anyil,  and  beats 
it  rapidly  with  the  hammer,  when  it  becomes  nctually  red  hat. 
The  production  of  sparks  by  striking  flint  against  steel,  or  tna 
pieces  of  flint  one  against  the  other,  is  a  familiar  instance  of 
heat  produced  by  percussion. 

One  of  the  most  ponerfnl  means  of  producing  heat  ia  the 
process  ijf  combuBtion. 

Combustion,  as  the  word  imports,  is  the  burning  together  of 
two  or  more  substances,  a  chemical  union  of  oiygen  generally 
with  carbon  and  hydrogen  in  some  abape  or  other.  In  our 
ordinary  fires  we  bum  coal,  a  hydro-carbon  aa  it  is  called  ;  and 
the  gas  which  ia  now  so  uniTeraally  used  for  the  purpose  of 
illumination  ia  a  compound  of  the  same  bodies;  so  wax,  lallovr. 
oil  of  various  kinds,  both  of  animal  and  vegetable  origin,  are  all 
hydro -carbons. 

On  the  application  of  a  suflicient  heat,  and  a  free  access  of 
atmospheric  air,  ov  of  some  other  gas  containing  oxygen  in  a 
certain  atate  of  combination,  these  bodies  lake  Are,  and  con- 
tinue to  burn  either  with  flame,  or  a  red  or  even  white  lieat 
without  flame,  until  they  are  oonauined ;  that  is,  until  they 
have  entered  into  new  combinationa  with  the  oxygen,  and  are 
converted  into  carbonic  acid  and  water,  the  carbon  forming  tbs 
first  producl,  the  hydrogen  the  other. 


EXPERIMENTS  PRODUCING  HEAT  AND  COLD. 

conditions  of   ice.  water,  and  steam  ;   and   many  beaut 
tcriments  can  be  made  with  it  in  either  of  these  states. 


Very  few  persons  have  any  idea  of  the  lovely  forms  (hey 
tread  under  foot  when  walking  over  fresli-fallen  snow,  or  re^ 
member  that  frozen  water  is  capable  of  assuming  the  three 
states  of  snow,  hail,  and  ordinary  ice. 

The  atmosphere  always  contains  a  considerable  quantity  of 
aqueous  vapor,  or  invisible  atearo,  which  collecta  in  the  form 
of  clouds,  and  in  cold  weather,  in  eitra-tropieal  latitudes,  de< 
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low  haa  not  only  been  sbbh  in  Europe,  but  has  even  rieited 
la ;  and  some  jears  ago,  a  correspondent  at  Canton,  writing 
friend,  says,  "The  elders  of  our  EuropeEin  society  are,  at 
moment,  in  the  ecslasj  of  reyiveil  associaliona,  pelting 
I  other  with  siiow-balls  from  the  houac-tops  wilb  all  their 
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into  a  gauge,  and  then  heating  it,  -when  the  bar  wit 
cater  the  same  epacc,  and  has  therefore  Kipunded. 

Liquids,  such  aa  alcohol 
and  mercurj,  follow  the 
BoDie  law,  as  shown  in  the 
useful  instrument  called 
the  thermometer;  but  water 
is  a  curious  exception,  and, 
after  falling  to  a  tempera- 
ture of  40°  F  ,  begins  to 
expand  liUil  reaches  a  tem- 
perature of  32°  when  it 
fioats  upon  the  surface  of 


the- 


ind  thui 


protects  the  lower 
coDtaining  the  living  in- 
sects plants  and  tish.  from 
the  dangerous  action  of  in- 
tense cold  The  fact  itself 
19  proved  by  taking  a  long 
gla°E  and  nearly  filling  it 
wilh  water  If  a  thermo- 
meter IS  placed  at  the  bot- 
tom, the  temperature  may 
be,say40''  whilstif  alump 
or  two  of  ice  be  placed  on 
the  top,  it  floats  and  partly 
melts,  reducing  the  tempe- 
rature of  the  water  to  32° 
Fahr.  Now,  if  the  water 
contracted  as  it  became  colder,  the  particles  would  hecome 
more  condensed  or  heavier,  and  hence  they  would  sink  to  tlie 
bottom,  and,  being  succeeded  by  fresh  quantities  of  warmer 
water,  the  whole  volume  would  sink  to  the  freezing-point,  or 
32°  Fahr. ;  whereas  they  expand,  become  lighter,  and  swim  on 
the  surface  of  the  warmer  part  of  the  fluid,  like   oil   upon 


Rose's  fusible  meta!  is  made  by  melting  one  part  of  lead  and 
mixing  with  it  one  part  of  tin  and  two  parts  of  bismuth.  A  bar  of 
this  ftlloy  expands  till  it  attains  a  temperature  of  111°  Fahren- 
heit ;  it  then  rapidly  contracts  by  the  addition  of  heat,  and  at 
156°  attains  its  greatest  densily  or  contraction.  After  passing 
this  temperature,  the  metal  again  expands,  and  melts  at  201°. 


,y  Google 


S9  CHEMISTRY, 

being  eleven  degrees  below  the  boiling  point  of  water.  F 
that  reason  certain  persons,  of  conrse  Wfiga,  have  talten  1 
trouble  to  rnnke  spoons  of  it,  and  one  -aiRy  easily  imagine  t 
surprise  of  any  grave  person  quietly  Btirring  his  or  her  ten, 
see  the  spoon  gradually  disappear  from  their  vision  and  ainlc 
the  liquid  state  to  the  bottom  of  the  cup. 


By  collecting  some  snow  on  a  Wack  hat  or  o  piece  of  black 
Telvet  and  esamining  it  by  meiins  of  a  magnifying  glass,  it  is 
distinctly  seen  that  they  are  not  mere  shnpeUss  tlakea,  but 
possflBS  crystalline  forms  of  oxtremc  beauty  and  of  very  great 
variety.  In  the  Polar  regions  snow  assumes  the  moat  beautiful 
luid  varied  forma.  Scoresby  has  figured  ninely-six  virietieB, 
distributed  into  three  classes;  viz.;  Lamellar,  or  disposed  in 
thin  plates;  Spicular,  or  dart-like,  or  ehnrp-pointed  ;  and  JV"- 
m.'dal  crystals.  The  snow  crystals  constantly  vary,  like  the 
pictures  of  a  kaleidoscope,  and  sometimes  resemble  parallel 
fillets,  leaves,  and  spines  with  rosette  terminations,  as  in 
Fig.  21,  p.  4G4. 


1st.  Dissolve  powdered  nitre  rapidly  in  water,  when  the 
lemperaiure  will  fall  from  5U°  to  35°.  This  fact  is  well  known 
lo  experienced  officers  in  hot  climates,  who  Ihoroughly  appre- 
clitc  the  value  of  a  cartridge  shaken  gently  over  the  neck  of  a 
bot;le  of  wine  standing  in  a  pail  of  water.  The  cartridge  con- 
tains nitre,  which  liquefies  rapidly  and  cools  the  vine. 

2d.  Two  hundred  and  seven  parts  of  lead,  118  of  tin,  and 
281  of  bismuth  melted  together  and  granulated  (i.e.  poured 
whilst  liquid  into  water)  will  produce  a  temperature  of  16° 
below  the  freezing-point  of  water,  if  added  rapidly  lo  1617 
parts  of  quicksilver. 

3d.  Four  ounces  of  nitrate  of  ammonia,  four  ounces  of  car- 
bonate of  soda,  dissolved  in  four  ounces  of  water,  will  freeie 
water  contained  in  a  convenient  thin  metallic  vessel  surrounded 

JTEAT    rnODUCED    BV    THB     SOtlDIFICATION    OF    A    LKJUID. 

Take  some  blue  vitriol  and  heat  it  to  redness  in  a  orucibl"; 
when  cold,  place  it  in  a  well- stoppered  bottle  for  use.  If  a 
little  be  put  on  a  plate  and  sprinkled  with  cold  water,  steam 
issues  inconsiderable  quantity;  and  if  a  slice  of  phosphorus 
is  placed  on  the  surface  of  the  Hue  vitriol,  it  will  take  fire  iu 
■16fi 
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e  of  fhe  latent  Ileal  set  free  by  the  chemical  union 
ir  with  llie  dry  eulplifttfl  of  copper  or  blue  vitriol, 
jater  is  in  effect  solidified.     Shipa  laden  with  lime 

imve  laiitii  lire  from  the  leakage  of  the  water,  which  combine- 

vitb  the  lime  and  produces  a  great  heat. 


A  pint  of  water  mlsed  with  one  pint  of  oil  of  vil 
rates  a  large  amount  of  heat,  and  when  cold  does  nc 
two  pints,  showing  that  condensation  has  taken  plac 


If  a  nail  is  made  red  hot 

it 

elows  with  Ihe  inn 

throws  off  heat,  which  is  apparent  to  the  senses;  but 

horseshoe -nail     is   -eia- 

jnined,  there  is  no  direct 

evidence  of  the  presence 

l-C^^^ 

of  heat ;  when,  however. 

the    same    cM    nail    is 

anvil,  enough  heal  is  oh- 

Mp.^w 

piecBofphosphoius    The 

heat   thus   squeezed   out 

bj  compression  la  called 

Htent  heat 

>jfM^'_~  <fS% 

Hoar-frost  is  eauicd  by 
the  freezing  ol  the  dew 
deposited  on  the  branches 
and  twigs  ot  liees  and 
bushes,  and  taay  be  per- 
fectly imitated  by  ar- 
ranging some  sprigs  of  | 
holly  or  other  plants 
a  vooden  stand,  in 
centre  ot  nhieh  is  fitted  | 
a  small  evaporating-d 
containing  some  benioic  ^e  23  — 
acid  On  the  npplicalion  ''''['lj,°f 'L" 
of  heat,  the  ac.d  is  sub-  orintrall^ 
limed  and  maj  be  Col-  "litde 
lecled  in  a  gio-jai  plnced  i,^^,,^^  scid 
gver  the   stand  and  bits       i  Tliespr 


ttopper  left  saffldentl  j 


thSV'lnl'lIni*'" 
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of  h'>Uy:  iind,  as  the  vapor  eools,  a  beautiful  deposit  of  the 
trystaJs  of  benzoic  acid  on  tiie  miniature  trees  lakes  place. 
This  eiperiment  admits  of  a  very  tasteful  arrangement,  anil 
ufLer  comptotiou  will  last  a  long  time,  if  protected  1);  u  gla'^a 

To  shoiT  tbat  t.tie  heat  abstracted  by  the  boiling  of  one  liquid 
■will  freeie  another,  fill  a  tall  narrow  glass  about  half  fn!l  of 
oold  water,  (the  colder  the  better,)  and  place  in  it  a  thin  glass 
tube  containing  some  ether.  Put  them  under  the  receiver  of 
an  air-pump.  As  you  exhaust  the  air,  the  elier  will  begin  to 
boil,  until  at  lengUi,  by  continuing  the  eihanstion,  the  water 
immediately  surrounding  the  tube  of  ether  will  freeie,  and  a 
tolerably  large  piece  of  ice  may  thus  be  obtained. 

Ether  evaporates  so  rapidly  even  under  the  presaure  of  the 
atmosphere,  that  a  small  animal,  such  as  a  mouse,  may  be  act- 
ually frozen  to  death  by  constantly  dropping  ether  upon  it. 
If  poured  on  the  hand,  it  produces  a  degree  of  cold  that  boob 
becomes,  to  say  tbe  least,  unpleasant. 


nining  about  a  pound  of  oil  of  vitriol, 
air-pump,  and  set  in  it  a  watch-glass 
iupporteit  on  a  stand  with  ^laat  legs, 
hen    the    water   will    evaporate,   but 
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without  boiling,  and  the  vapor  being  absorbed  h'j  it  forms  by 
tlie  oil  of  vitriol,  the  vacuum  is  preserved,  and  tiie  evaporation 
toatinues,  until  the  vapor  has  abstracted  so  much  caloric  from 
the  remainder  of  the  water  that  it  is  all  at  once  converted 

In  most  elementary  works  on  chemistry  may  be  found  a  long 
hble  of  freezing-misturea,  aa  they  arc  called,  some  with  and 
tthers  without  ice  or  snow.  1  Ijavu  selected  a  few  from  each 
division. 


{Snovf  or  powdered  ice 2  parts. 
Powdered  ci 

J  Powdered 
(  Powdered  sal 


\  Dilute  sulphuric  acid... 
/Snow 

\  Crystallized  muriate  of 


{Sulphate  of  soda 3  pai 
Dilute  nitric  aeid "" 

f  Mtrat«  of  ammonia 

I  Water 

{Phosphate  of  soda 
Dilute  nitric  acid 

J  Sulphate  of  soda 

\  Muriatic  acid 

The  efTecIs  of  most  of  these  mixtures  may  be  considera>''/ 
increased  b;  previously  cooling  the  ingredients  aeparatelj  ia 
other  free  ling- mixtures. 

CRYSTALLIZATION. 

The  ancients  were  unacquainted  with  the  nature  of  crysl»ls. 
and  very  far  from  having  any  just  idea  of  the  phenomena  of 
crystallization;  for  Pliny,  who  flourished  in  the  first  ceutvry 
of  the  Christian  era,  speaks  of  the  rock-crystal  us  a  piece  of 
ice  frozen  to  the  point  of  acquiring  a  permanent  consistency 
and  durability;  when,  in  fact,  the  rook  crystal  is  composed  of 
a  mineral  called  silica,  which  crystallizes  in  six-sided  prisms, 
terminating  with  ali-sided  pyramids. 

The  phenomena  of  crystallization,  so  replete  witi  beauties, 
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and  80  inaryelloua  in  their  results,  often  fake  place  within  t'c 
reach  of  our  obseryation,  without,  however,  attracting  it,  from 
our  ignorance  of  the  circumBtanea.  The  substance  which  in 
cold  and  dry  winter  nights  covers  the  panes  of  glass,  exhibit- 
ing various  fanlastic  and  elegant  ramifications,  is  the  human 
breath  crystalliied.  The  pellucid  and  transparent  coating 
which  in  the  depth  of  winter  covers  and  so  elegantly  decks  the 
branches  of  Irees  and  leaves  of  evergreens  is  no  more  than 
crystallized  water.  The  snow  -which  fails  and  accumulate! 
before  our  eyes,  is  a  congeries  or  mass  of  an  immense  number 
of  separate  and  transparent  crystals  of  ice. 


A  common  willow  or  wire  basket  may  ba 
cohered  with  beautiful  crystals,  by  im- 
mersing it  in  a  solution  of  alum  prepared 
loi  the  purpose.  The  water  used  for  Ihe 
solution  must  be  twice  Ihe  q-uantity  re- 
quired to  cover  the  basket,  and  sufficient 
alum  put  in  to  malte  a  saturated  solution, 
^  which  you  must  filter  through  a  piece  of 

brown  piper  into  a  saucepan  or  pipkin.  But  if  you  wish  your 
basket  to  be  colored,  the  dye  must  be  added  to  the  solution 
hefore  it  is  filtered.  To  produce  crimson  crystals,  it  is  nece^ 
sary  to  use  on  infusion  of  madder  and  cochineal ;  yelloiB, 
muriate  of  iron  or  turmeric  ;  black,  Japan  ink  thickened  wiib 
gum;  blue,  a  solution  of  indigo  in  sulphuric  acid;  pale  blue, 
equal  portions  of  alum  and  blue  vitriol;  and  to  produce 
greea,  you  have  only  to  add  to  these  last  ingredients  a  few  drops 
of  muriate  of  iron.  Of  course,  all  these  colors  are  more  or 
less   deep,  according  to  the  quantity  of  coloring- matter  em- 

The  solution  being  filtered,  boil  it  gently  until  half  the  quan- 
tity has  been  evaporated,  then  put  it  into  a  jtir,  or  any  other 
vessel  in  which  the  basket  may  be  immersed,  and  remove  it 
with  lis  contents  to  a  dry  place,  where  it  mey  Cool  -witiioul 
being  disturbed. 

It  is  to  be  observed  that,  if  you  make  use  of  a  wire  basket, 
the  wire  must  be  filed,  or  covered  all  over  with  worsted,  aa  the 
surface  of  whatever  is  incrusted  must  be  equally  rough. 


Pour  tliree  ounces  of  dilulea  nitric  n 

loid  into  a  glass  vessel,  and 

add  to  it  gradually  (wo  ounces  of  hisi 

.nuthbr..kenbyah8mmer 

into  small  pieces.    The  metal  wi'l  be  a 

Hacked  with  great  energy. 
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Diamulh  will  be  formed.  Cryatallin 
,1.  aud  pr«s»rve  llit;  crystals,  wliick  j 
a  gUsa. 


Dissolve  in  idVen  different  tumblera,  each  containing  warm 
rater,  half-ounce  a  of  the  sulphates  of  iron,  copper,  zinc,  soda, 
alumina,  magnesia,  aud  potash.  Pour  them  all,  when  com- 
pletely diiisolved,  into  a  large  evapornting-dieh  of  Wedgwood 
ware,  and  stir  the  whole  with  a  glass  rod;  set  the  dish  io  » 
warm  plac«',  where  it  cannot  be  affected  b;  the  dust,  aud  where 
it  may  not  be  agitated.  When  the  necessary  evaporation  has 
taken  place,  the  whole  will  shoot  out  into  crystals.  Theae  will 
be  interspersed  in  small  groups  and  single  crystals  among 
each  other.  Their  color  and  peculiar  form  of  crystalliiation 
will  distinguish  each  crystal  separately,  and  the  whole  together, 
remaining  in  the  reapective  places  where  they  were  deposited, 
will  display  a  very  curious  and  beautiful  appearance.  Preserve 
it  carefully  from  dust. 


Diasolve  a  pound  and  a  half  of  alum  in 
valer,  and  suspend  in  il  a  piece  of  coke ;  ec 
lud  a  beautiful  cryalalliiation.  reairmbling  a 
limen,  will  be  obtaiued. 


Melt  a  ladloful  of  bismuth,  and  let  it  cool  gradually  till  a 
thin  crust  has  formed  on  its  surface ;  then,  by  means  of  a 
pointed  iron,  make  two  small  apertures  through  the  crust; 
qnielily  ponr  out  by  one  of  the  openings  the  fluid  portion,  as 
carefully  and  with  sa  little  motion  of  the  mass  as  poasihle, 
whilst  the  air  enters  at  the  other.  On  removiiig  the  upper 
crust  by  means  of  a  chisel,  when  the  vessel  has  become  cold, 
a  cup-shapod  concavity  will  appear,  studded  with  very  brilliant 
crystals,  more  or  less  regular,  according  lo  the  quantity  of  bis- 
muth employed,  the  (ranquillily  and  slowness  with  which  it 
cooled,  and  the  dexterity  with  which  (he  fluid  portion,  at  the 
moment  it  begun  lo  harden,  was  decanted  from  (he  crystal- 
lized part  The  same  effect  may  be  produced  by  fusing  the 
substance  in  a  smiill  crucible  which  has  a  hole  at  'i(s  bottom, 
lightly  closed  by  an  iron  rod  or  stopper,  which  is  to  be  drawn 
out  when  the  mass  begins  to  congeal ;  by  this  i^Oiina  the  supe- 
rior portion,  which  is  fluid,  is  made  to  run  off,  and  a  cake 
cudded  over  with  crystals  is  obtained, 
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d  sulphuric  acid,  U 
a  been  added,  and, 
misture  irith  a  littlo 
gradually.  If  the 
hours  vindisturbed, 
uDd  at  the  bottom 


wide  field  of  amuse- 

g  little  variety,  inas- 

j  articles  subjected 

of  alum  inlo  a  quart  of  water,  {keep- 
y        ■as  fur  a  greater  or  less  quantity,]  and 
mm       g  it  gently  in  a  close  tinned  vessel  over 
g  it  frequently  with  a  wooden  spoon. 

completed,  it  must  be  poured  into  a 

B  it  cools,  the  subjects  intended  to  be 

d  b    suspended  in  it  by  a  piece  of  thread 

aid  across  the  mouth  of  the  jar, — where 

ff  0  remain  for  twenty-four  hours.      Wheu 

on   they  are  to  be  hung  up  in  a  shady 

p       c  ly  dry      Caro  m  ist  be  taken  that  tho 

1  ot  nor  qu  te  cold   as   n  tl  e  one  case 

y  small    and  m  the   other   much   too 

d  for  erystall  lat  on  are  sp  ders  beetles 

among  tie  vegetal  lo  proluctons  the 
nches  of  hops  ears  of  co  -n  the  daisy 
blu'-on  B  1  chena  and  moises  are  some 
ulyecfs  Ihe  nests  of  small  birils  with 
y  if  fastened  on  the  branch  of  a  tree 
St  ng  II  IS  necessaiy  lo  observe  that 
e  pa  d  to  tl  G  depos  t  on  of  the  alum 
g  quantity    lue?  not   a    tie   u^  a   soma 


pe   or    n  a  small  or  c  hie 

of  lead     and  a  d  a  hm  of 

ten  well  rp>  xted  in  es 
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posure  (0  a  red  heat,  pour  it  into  a  metitllio  cup, 
it  to  cool:  the  result  will  be  oij-oliloii(ie  of  lead  o 
yellow  color,  whicli,  when  broken,  will  present  a  a 
tiful  crystalline  appearauce. 


On  a  solution  of  common  soda  pour,  by  small  quantitiei 
a  lime,  diluted  snlphurio  acid,  until  the  effervescence  oeat 
by  gently  evaporating  the  solution  in  a  sanoer  near  a  1 
(rystala  of  sulphate  of  Boda  (Glauber  salte)  will  be  obtainec 


Take  some  muriatic  acid,  and  mix  it  with  thrice  its  bulk 
nf  water,  adding  thereto  ss  much  soda  na  it  will  dJSBolye;  by 
jlowlj  evaporating  the  solution  before  the  fire,  muriate  of  soda 
[oomiQon  table -sab)  will  he  obtained. 


The  salt  to  be  crystallized  is  fo  be  dissolved  in  water,  and 
evaporated  to  such  a  consistency  that  it  shall  crystallize  on 
cooling.  Set  it  by,  and  when  quite  cold  pour  the  liquid  part 
from  the  mass  of  crjstiils  at  the  bottom,  and  put  it  into  a  Qat- 
botlomed  vessel.  Solitnry  crystals  will  form  at  lome  diatance 
from  each  other,  and  gradually  increase  in  sise.  Pick  out  the 
most  regular,  put  them  intc  another  flat-bottomed  vessel,  a 
little  apart  from  each  other,  and  pour  over  them  a  quantity  of 
fresh  solution  of  the  salt  evaporateil,  till  it  crystallizes  on  cool- 
ing. Alter  the  position  of  every  crystal  once  at  lenst  every 
day,  with  a  glass  rod,  that  all  the  faces  may  be  alternately 
exposed  to  the  action  of  the  liquid  ;  far  the  face  on  nhich  the 
crystal  rests  never  receives  any  increase.  By  this  process  the 
crystals  will  gradually  augment  in  eiie.  When  they  have  ac- 
quired such  a  magnitude  that  their  forms  can  easily  be  distin- 
guished, the  most  regular  are  to  be  chosen,  or  those  which 
have  the  exact  shape  which  you  wish  to  obtain.  Each  of  them 
should  be  put  separately  into  a  vessel  tilled  with  a  portion  of 
the  same  liquid,  and  turned  by  tiie  glass  rod  several  times  a 
day,  and  by  this  treatment  you  may  obtain  them  almost  of  any 
Bbe  desired.  Whenever  it  is  observed  that  the  angles  and 
edges  of  the  crystals  become  blunted,  the  liquid  must  imme- 
diately be  poured  off,  nnd  fresh  liquid  put  in  its  place;  other- 
wise the  crystals  will  bo  infallibly  destroyed. 
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Dissolve  two  drBChms  of  acelatc  of  lead  in  n  quart  of  w 
•ml  set  it  aside  for  a,  da;  or  two,  decant  tiie  clear  Bolution 
a  large  phial,  and  iu  the  centre  suspend  a  piece  of  zin 
means  of  a  silk  thrend  fixed  to  the  cork.  If  the  whole  h 
undisturbed,  the  lead  will  aminge  itself  around  the  lii 
bsautifiil  nietallio  plates  resembling  a  shrub. 


urated  solution  of  pure  BilTer  in 
nitric  acid,  and  four  drachms 
of  a  Bimilar  solution  of  mer- 
cury in  the  same  acid,  be  di- 
luted with  five  ounces  of  dis- 
tilled water,  and  poured  into 
a,  small  decanter  or  glass 
phial;  then  compose  an  amal- 
gam, by  mixing  one  part  of 
finely-divided  silver  wiUi  seven 
parts  of  mercury,  and  place  a 
small  lump  of  it  at  the  bot- 
lom  of  Ihe  bottle,  which  must 
be  kept  quite  still.  In  a 
short  lime  the  surface  of  the 
amalgam  will  be  covered  with 


e  lilami 


lis  of  si 


Fig  20  ~EngiBTei's  glc 


after  standing  about  forty- 
eight  hours,  the  solution  will 
deposit  all  its  silver,  in  the 
form  of  brilliant,  arborescent 
crystals,  springing  like  a  glit- 
tering shrub  from  the  bottom 
of  the  vessel. 


THl!  CHEMISTUV  OF  WATER. 


Ordinary  spring-water  contains  carbonic  acid  gas,  which 
imparts  an  agreeable  freshness  and  maEcs  it  agreeable  to  the 
taste.  It  is  easily  detected  by  adding  a  solution  of  lime-water, 
when  the  carbonic  acid  unites  with  the  lime  and  forms  carbon- 
ate of  lime,  which  is  precipitated  as  a  white  substance  and  is 
in  fact  common  chalk. 

Spring-water  also    contains   genorailj  sulphuric   acid    and 


lins    generall 
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elikrinc  in  combination  with  lime,  magnesia,  eoda,  or  potnelii 
these  Baits,  willi  some  organic  matter,  oiiile  of  iron,  silica,  and 
alumias,,  usually  constitute  the  r^eidue  left  after  evaporating  a 
gallon  of  water  to  dryness,  and  hence  the  formation  of  what  is 
called  deposit  or  incrustation  in  boilers,  or  ftir  in  lea>kettles. 

To  half  a  pint  of  water  add  a  solution  of  nitrate  of  ailvor 
with  some  pure  nitrio  acid.  Chloride  of  silver  is  thrown  down, 
which  is  a  white  precipitate  that  gradually  blaclsena  when  ei- 
posed  to  light,  and  is  evidence  of  the  presence  of  chlorides 
such  as  common  salt.. 

To  another  portion  add  some  solution  of  nitrate  of  baryta 
with  a  little  more  nitric  acid  ;  a  while  precipitate  of  sulphate 
of  baryta  ia  formed,  and  shows  the  presence  of  sulphuric  acid, 
most  liliely  in  combination  with  the  litnc,  forming  sulphate  of 
lime  or  gypsum. 

To  a  tnird  portion  add  some  oxalate  of  ammonia,  and  while 
oxalate  of  lime  will  be  produced,  if  the  water  contains  lime. 

To  delect  the  oxide  of  iron  in  water,  a  pint  should  be  erapo- 
ritted  to  dryness  in  a  porcelain  dish;  to  the  residue  some 
hydrochloric  acid  should  be  carefully  added  in  verj  small  quan- 
tity, and  the  excess  gently  evaporated  away ;  then,  on  the 
addition  of  a  little  water  and  a  solution  of  ferrocynnide  of  potas- 
sium, a  splendid  blue  is  produced,  called  Prussian  blue,  if  oxide 
of  iron  ba  present. 

Tlie  detection  of  the  other  substances  in  the  water  will  requii-e 
more  practical  sliill  than  can  be  obtained  by  reading  this  little 
worlt;  and  the  reader  is  referred  to  Abel  and  Bloiam'a  "  Hand- 
liook  of  Chemistry." 


Put  some   spring  water  into  an 

orlinary  Itettle   the  6p}ut  of  which 

X 

has  been  clus  d   by   a  corli       (Jet 

\\ 

fl 

the  (inman  to  milte  another  hi   as 

m    ^ 

,     >    1 

shown  at  Fig   2"   ani  to  fit  a  pKcc 

1  ^ 

L  1 

of  pewler  pije  into  the  top  (f  it 
Having    (lacel    the    kettle    on    the 
fli-e    arrange  tie  pije  as  shown   at 

_Jl^ 

-^ 

F  g   2M    and  wind  lound    t   a  piece 

Fli  27  —The  1 

m)iBt  and  as  the  steam  rises  it  lo 

LTrSrS 

condensed   In    the    pi^o    and    runs 

ho  .tUch.l1. 

hi.  th.^.ply. 

a  bottle,  when  i 

called  aqua  pura,  or  distilled  water.    ] 

Let   the  iirst  quantity  that   distils    . 
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over  be  thrown  away,  as  the  inside  of  the  pipe  is  generaOj 


Into  a  common  wine-bottle,  prOTided  with  a  cork  and  pewter 
tnbe,  pliice  some  granulated  zinc  or  litie  cnttingB;  fill  t he  bottle 
about  half  full  with  water,  and  add  some  oil  of  vitriol,— when 
effervescence  takes  place  from  the  escape  of  hydrogen  gas, 
which  may  be  collected  in  gas-jars  on  the  pnenniatie  trough, 
the  some  as  oxygen  gas,  by  fitting  in  the  cork  and  tube. 


If  it  ia  desired  to  see  the  hydrogen  burn  from  the  end  of  the 
pewter  pipe,  it  should  be  turned  up  straight,  and  before  apply- 
ing flame  the  first  portion  of  the  gas  must  be  allowed  to  escape, 
or  else  the  air  already  in  the  bottle  mixes  with  the  hydrogen 
and  forms  an  esploaive  mixture,  and.  if  this  is  fired,  tho  cork 
and  pewter  pipe  are  blown  (o  the  ceiling,  whilst  the  bottle  is 
frequently  broken  and  the  a«id  spilled  about.  A  case  occurred 
where  some  boys,  making  hydrogen  in  their  bedroom  man  ink- 
bottle,  with  a  tobacco-pipe  stem  for  a  jet,  incautiouslj  applied 
the  flame,  when  the  whole  exploded,  and  one  of  the  poor  boys 
lost  his  eyesight. 

Take  a  fincer-glasB,  and,  after  putting  in  plenty  of  granulated 
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tme  pnur  on  SJme  walsr  anl  oil  of  vitriol  when  9  powerful 
effecyBHLBnoe  takes  place  and  the  1  qnid  boiU  over  the  aide''  of 
the  glass  whu-h  should  stand  in  a  soup  plite  Flan  e  aj  j  1  c  1 
Bets  fire  to  the  bubbles  of  escaping  hydrogen  that  Uait  OTcr 
the  whole  surface  and  pioduce  a, 
number  of  alight  eiplo9iona  This  - 
eipenment  should  be  perfori 
under  a  Ehininay  or  in  the  open  > 
air  as  the  aeid  sm  ke  or  rather  _ 
steam  18  ^ery  disagreeable 


When  a  gas  jar  i?  hlleJ  with 
hydrogpu  it  may  be  lift'- 1  cxiefuUy 
from  the  pneumatic  trough  witho  it 
fear  of  any  ga?  escaping  and  pi  iced 
on  a  stand  sufficiently  high  to  ai 
mit  of  the  haul  being  meeiled  luto 
the  jar     if  one  ot   the   squeaking 


urked 


1  the  a: 


_j  the  jar   of    hydrogen     the    ^ 

effect    is    very   laughable,    as    tbe        /// 
sound  becomes  so  Bhrill,  in  conse-       V 
quenoe  of  the  levity  of  the  gas.     A 
bell  sounded  in  air  and  afterward  p|g  29  _ 
in  hydrogen  ia  also  an  amusing  ex- 
periment. 


Take  the  generating  hydrogen  bottle,  and  fit  a  long  Jet  with 
a  small  orifice ;  if  the  hydrogen  is  set  on  fire,  and  a  tube  placed 
over  it  at  a  certain  place,  tha  hydrogen  flame  begins  to  flicker 
and  emit  a  sharp  sound,  which  is  varied  according  to  the  length 
and  diameter  of  the  glass  tubes.  Sometimes  many  tubes  may 
be  tried  before  the  sound  can  be  obtained. 


If  the  jet  over  which  hydrogen  is  burning  is  held  under  a 
cold  glass  jar,  tbe  ateam  is  very  soon  condensed,  and  trickles 
down  the  sides  in  drops  of  water,  produced  by  the  combi- 
nation of  the  hydrogen  with  the  oxygen  of  the  air,  as  every 
nine  pounds  of  water  consist  of  eight  of  oxygen  and  one  of 
Vdrogen.  ^^^ 
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EXPERIMESTS  WITH  OTHER  OASES. 


Take  iwo  or  three  ounces  of  pure  nitral 
taU,  and  put  Ibem  into  a  retort,  then  apply  the  heat,  of  a  lamp 
to  the  retort,  aod  take  care  that  the  heat  does  not  exceed  500°. 
When  the  crystals  begin  to  melt,  nitrous  oxide  gas  vrill  ba 
evolved  in  considerahlo  quantities.  Nitrio  oxide  gas  maj  be 
produced  bj  pouring  nitric  acid,  diluted  with  sii  times  its 
weight  of  vater,  on  copper  filings,  or  small  pieces  of  tin.  The 
gna  ia  evolved  until  the  acid  is  saturated  witji  oxide  of  copper, 
when  the  process  may  1>e  stopped. 

To  inhale  laughing-ga». — Procure  an  oiled  or  varnished  silk  bag, 
or  a  bladder  furnished  with  a  stop-coclt;  fill  it  with  pure 
nitrous  oxide,  and,  after  emptying  the  lungs  of  common  air, 
taiie  the  stop-cock  into  llie  month,  and  at  the  some  time  bold 
the  nostrils ;  the  sensationa  produced  will  be  of  a  highly  pleas- 
ing nature.  A  great  propensity  lo  laughter,  a  rapid  flow  of 
vivid  ideas,  and  an  unusual  fitness  for  muscular  exertion,  are 
Ihe  ordinary  feelings  which  it  generally  produces.  The  sensa- 
tions produced  by  breathing  tliis  gas  are  not  the  same  in  all 
persons,  but  tlie;  are  always  of  an  agreeable  nature,  and  not 
followed  by  any  depression  of  spirits,  like  thoae  occasioned  by 
fermented  liquors.  Although  no  accident  has  yet  happened  to 
any  one  while  inhaling  laughing-gas,  it  is  perhaps  better  to 
iefive  such  experiments  to  be  performed  by  esperienead  per- 
sona only.  Nitric  oxide  gas  nearly  caused  the  death  of  Sii 
li.  Davy,  who  tried  to  inhale  it;  the  orange-red  fumes  of 
nitrous  acids  formed  when  it  comes  in  contact  with  the  air 
almost  sitSbcated  him. 

Fill  the  bowl  of  a  large  tobacco-pipe  witt  pulveriied  coal, 
and  stop  it  close  with  a  mixture  of  pipe-clay  anil  sand ;  then 
put  it  into  a  clear  fire,  and  in  a  few  minutes  carburet  ted  hydro- 
gen gaa  will  issue  from  the  end  of  the  pipe,  which  may  ba 
ignited,  and  will  burn  like  a  taper,  affording  an  example  of  Iba 
production  of  gaslight. 


Ignited,  and  will  burn  111 
production  of  gaslight. 


Put  three  or  four  grains  of  iodine  into  a  small  teat-tube,  and 
seal  the  other  end  of  it  hermetically.  If  the  tube  be  gently 
warmed,  by  holding  it  over  a  candle,  the  iodine  will  become 
converted  into  a  beautiful  violet- colored  gas  or  vapor,  which, 
when  the  tube  is  suffered  to  cool,  conienses  again  into  minut» 
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brilliant  metallic  crystals  of  a  bluish  color.  This  eiperimenl 
may  he  repealed  with  the  aame  tube  and  iodin*  for  any  cumter 
of  timfcs. 

CiELORINE. 

The  other  aimpk  gas  called  a  supporter  of  combustion   il 
ned  chlorine,  from  a  Greek  word  aignifying  yellowieh  green. 


This 


gaa   1 


called  "  oxymuriatic  acid," 
bein'g  eupposod  to  be  a 
compound  of  oiygen  and 
muriatic  acid  gases,  until 
Sir  H.  Davy,  in  a  ieriea  of 
masterly  experiments  oar 
ried  on  during  the  years 
1808-11,  proved  that  it  of  n 
lained  no  Oxygen  or  mu 
riatio  acid,  and  that  itnas 
in  fact  a  simple  or  undo 
compounded  RubatjiiiLO  and 
changed  its  name  t  >  chlo 
rinc,  which  name  was  after 
aoiae  discussion,   accepted  by  thi 


itifit  norld   and  is  etlli 


This  gas  may  be  obtamed  for  eiperiment  by  gentir  litaljng 
in  a  retort  a  miitnre  of  murialic  or  hydrochloric  acid  as  it  ia 
now  called,  with  some  blaok  oiide  of  manganese  the  muriatic 
acid,  a,  compound  of  chlorme  and  hydrogen  is  decomposed, 
and  BO  is  the  oilde  of  manganese  giving  out  some  of  its  oiy- 
gan,  wbioh  takes  the  hidiogen  from  the  muriatic  acid  to  form 
water,  while  the  chlorine  gas  with  which  the  hydrogen  had 
been  united,  is  set  at  liberty   and  may  be  collected  m  jars  over 

Chlorine  gas  is  transparent  of  a  greenish  yellow  cdor,  has 
a  peculiar  disagreeable  taste  and  smdl  and  if  Ireatlitd  even 
in  small  quantities  occasions  a  sensation  of  sufiocation,  of 
lightness  in  the  chest  and  violent  coughing  attended  with 
great  prostration.  I  have  been  compelled  lo  retire  to  bed  from 
having  upset  a  bottle  conlaining  some  of  Ihia  gas  It  destroys 
most  segetable  colors  when  moist,  and  is  in  feet  the  agent  no» 
universally  employed  for  bleach ing-purposea. 

It  has  also  the  power  of  combining  with  and  destroying  all 
nosioua  smells,  and  is  invaluable  as  a  purifier  of  foul  rooms 
and  a  destroyer  of  infection.  For  these  latter  purposes  it  is 
used  in  combination  with  lime,  either  in  substance  or  solution, 
Vnder  the  name  of  "Chloride  of  Lime." 
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S;r  W.  Bufnett  has  lately  disooTered  that  the  chloride  of  jinn 
ftnswera  the  same  purposea  aa  the  chloride  of  lime,  and  fiasth" 
advanlage  of  being  itself  destitute  of  smell,  and  his  fluid  la 
frequently  aubatituted  for  the  other. 

Chlorina  gas  is  a  powerful  supporter  of  combustion,  many 
of  the  metals  taking  fire  Bpontaneonaly  when  introduced  in  a 
fine  state  of  dirision  into  the  gas. 


1.  Into  ajar  of  chlorine  gas  introduce  a  few  sheets  of  eopper- 
leaf,  sold  -antler  the  name  of  Dutch  foil,  when  it  will  burn  witi 
a  dull  red  light. 

2.  If  some  metallic  antimony  in  a  state  of  powder  be  poared 
into  a  jar  of  this  gas.  it  will  take  fire  as  it  falls,  and  burn  with 
»  bright  white  light. 

8.  A  small  piece  of  the  metal  potassium  may  be  introduced, 
and  will  also  take  fire. 

4.  A  pie^e  of  phosphorus  will  also  generally  take  fire  spon- 
taneously when  introduced  into  this  gas.     In  all  thea 
direct  compounds  of  the  substances  with  chlorine  ai 
called  chlorides. 

5.  If  a  lighted  taper  be  plunged  quickly  into  the  gas,  it  will 
continue  to  burn  with  a  dull  light,  giving  off  a  very  large  quan- 
tity of  smoke,  being  in  fact  the  carbon  of  the  wax  taper,  with 
which  the  chlorine  does  not  unite ;  while  the  ether  constituent 
of  the  taper,  the  hydrogen,  forms  muriatic  acid  by  union  with 
the  chloriue. 

6.  This  substance  has  the  property  of  deat.roying  most  vege- 
table colors,  aud  is  used  in  large  quantities  for  blcacliing 
calico,  linen,  and  the  rags  of  which  paper  is  made.  It  is  a 
curious  fact  that  it  shows  this  property  only  when  water  ia 
present,  for  if  a  piece  of  colored  cioth  is  introduced  dry  into  a 
jar  of  the  gaa,  ajso  dry.  no  effect  will  be  produced;  wet  the 
cloth,  and  re-introduce  it,  and  in  a  very  short  time  its  color 
will  be  discharged. 

7.  Introduce  a  quantity  of  the  infusion  of  the  common  red 
cabbage,  which  is  of  a  beautiful  hlue  color,  into  a  jar  of  this 
gaa,  and  it  will  instantly  become  nearly  aa  pale  as  water,  re- 
taining a  slight  tinge  of  yellow. 

EXPERIMENTS  WITH  CARBON  AND  OXYGEN. 

Carbon   forma    two   gaseous    compounds    with   oiygen:    the 
Brst.  called  cartionio  oside,  is  not  diflieult  to  procure,  but  poa- 
leaaes  no  interealing  properties.     It  is  inflammable. 
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The  olher  compound,  carbonic  scid,  is  transparent,  eclor- 
ics9,  much  heavier  tlian  atmosplieric  air,  Lag  an  agreeabla 
(aste,  baa  the  power  of  irritating  the  mucous  membrane  fif  the 
noBe,  (aa  ait;  one  can  tell  vho  has  drunk  eoda-^ater,)  'without 
poBseasing  ii:ij  particular  odor,  is  absorbed  by  water,  does  not 
Bupport  respirnlion,  and  extinguishes  burning  bodies. 

Carbonic  »cid  gas  may  be  obtained  with  the  greatest  facility 
by  pouring  some  sulphurio  acid,  diluted  with  about  sis  pans 
of  water,  upon  some  pieces  of  marble  or  limeetoae  in  a  bottle 
wilh  a  tube  attached,  when  the  gas  comes  oyer  in  torrenta.  It 
may  be  collected  over  water,  or  allowed  to  fall  into  a  bottle. 


1.  To  show  the  great  comparative  weight  of  this  gas,  place  a 
Jiglited  taper  at  the  bottom  of  a  tall  glass  jar,  then  take  a  jar 
full  of  carbonic  acid  gas,  and  pour  it  as  you  would  pour  water 
into  tbe  jar  containing  the  lighted  taper;  you  wLI  soon  find  the 
taper  will  be  eitinguished  as  efFcctually  as  if  you  Lad  poured 
water  on  it,  and  tlie  smoke  of  the  taper  will  float  on  the  surfaca 
of  the  gas  in  very  beautiful  wavy  forms. 

2.  Heat  a  piece  of  the  meial  potassium  in  a 
metal  spoon,  (platinum  is  best,)  and,  if  introduced 
in  a  state  of  ignition  into  the  gas,  it  will  continue 
burning  brilliantly,  producing  a  quantity  of  dense 
tunoke,  which  is  the  carbon  from  the  cnrbonic  acid, 
tlie  potaaaium  having  seised  the  oiygen  and  being 
converted  by  it  into  potash, 

3.  If  a  mouse,  bird,  or  other  small  animal  be 
placed  in  a  jar  of  tliis  gas,  it  becomes  insensible 
almost  immediately,  but  if  speedily  removed  it 
will  occasionally  recover.  Fig.      B1.— 

4.  Shake  up  some  water  with  some  of  tliis  gns  ^'"Pl™"'!  '"'■ 
in  a  botlle;  the  greiitev  part  of  the  gaa  will  be  g^^,  ~ 
absorbed  by  tlie  water,  which  acquires  a  spark- 
ling appearance  and  a  pleasant  sharp  taste  ;  with  the  addition 
of  a  little  soda,  tliia  becomes  the  well-known  beverage  call~d 
Boda-waler,  so  famous  fir  removing  the  morning  lieadachex 
caused  by  "  ihat  talmon"  liavlng  disagreed  at  yesterday's  dinntv. 


It  is  the  presence  of  this  gas  which  renders  it  so  dangerous 
(0  descend  into  deep  wells,  for  by  its  gre:>t  weight  it  collects  at 
the  bottom,  and  instanlly  sulFocntes  any  unfortunate  person 
who  incautiOHsty  aubjecia  liimself  to  it.  Hence,  it  is  priidcni 
always  lo  let  down  a  lighted  candle  before  any  one  desceiidc 
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inln  a  well  or  oilier  deep  excavulion.  and  <C  the  cnndic  Is  ex- 
tinguished, it  is  ueoessnrj  to  throw  down  severnl  pails  of  water, 
liiiie-lrater  if  possible,  aJid  again  to  tr;  Ihe  candle,  which  must 
burn  freely  betot-e  it  Is  safe  for  any  one  to  desoend. 

It  is  (his  sanie  gas,  under  the  name  of  "choke-damp,"  which 
proves  BO  dangerous  to  miners,  particularly  after  an  explosioa 
of  "iire-daiop;"for  it  is  the  principal  product  of  (he  explosion, 
and  by  its  weight  settles  at  the  bottom  of  the  mine,  whence  it 
IB  by  no  ■a  eiUis  an  easy  matter  to  dislodge  it. 

Carbonic  acid  gas  tias  been  condensed  into  tlie  fiuid  form  by 
causing  it  to  be  diBengsged  under  great  pressure ;  the  fluid  acid 
has  the  appearance  of  water.  When  the  pressure  is  removed, 
as  by  allowing  some  of  the  fluid  acid  to  escape  from  the  vessel 
in  which  it  has  been  condensed,  it  instantly  reassumes  the  gas- 
eous form,  and  in  so  doing  absorbs  ao  mncb  latent  caloric  that 
a  portion  of  the  acid  ia  actually  solidified,  and  appears  in  Ihe 
eliape  of  mow,  which  may  be  collected  and  preserved  for  a  abort 
lime.  After  a  lecture  by  Mr.  Addams  before  the  Ashmolean 
Society  of  Oxford,  a  kind  of  snow-ball  of  carbonic  acid  was  car- 
ried for  a  distance  of  500  or  600  yards,  and  placed  in  a  sanoer 
in  a  room.  It  evaporated  very  rapidly,  and  left  no  reaidae, 
not  even  a  marlc  where  it  had  lain.  It  waa  loo  cold  io  be 
touched  by  the  nalced  hand  without  pain. 

Carbonic  acid  and  lime  are  mutually  tests  for  each  other 


nmg  a  li 


ir  of  this 


gna.  it  speedily  becomes  turbid,  the  gas  uniting  with  the  \ 
and  producing  chalk,  (the  carbonate  of  lime,)  which  is  insolublo 

Thia  gas  is  produced  in  large  qaantities  by  the  respiration 
of  animals,  as  may  be  proved  by  respiring  through  a  (ub« 
immersed  in  lime-water,  when  the  water  will  he  iiistautiy  ren- 
dered turbid  from  the  formation  of  chalk. 


To  the  combination  of  these  elements  in  various  proportions, 
and  with  the  occasional  addition  of  other  Bubstances,  we  ara 
indebted  for  all,  or  nearly  all,  our  means  of  obtaining  light  and 
heat.  Coal,  wood,  spirit,  oil,  and  all  the  varieties  of  fats,  are 
composed  principally  of  carbon  and  hydrogen,  and  may  easily 
be  converted  into  the  gas  with  which  our  houses  and  streets  ara 
lighted,  which  ia  nearly  pure  carburetled  hydrogen. 

There  are  but  two  definite  gaseous  compounds  of  these  two 
elements,  the  carhuretted  hydrogen,  and  biearburctted  or  ole- 
fiant  giis.  The  first  is  easily  procured  by  stirring  the  bottom 
\i  stagnant  water  in  a  hot  aumtncr's   dny,  and  colleoting  the 
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bubbles  in  a  bottle  Ulled  nith  nater  and  ioyerted  over  (be  place 
wlicre  the  bubbles  rise,  'i'bia  gas  burns  with  n  yellonisb  fliime, 
aud  when  mixed  witli  a  certain  proportion  of  air,  ar  oiygen 
gas,  explodes  with  great  violence  on  the  applioation  of  a  flame, 
it  '     the  much  dreaded  Sre  dam  e    t  d  f      1     ' 


with  great  Tiolonoe. 

This  gjis  is  sometimes  called  "olefiant  gas," 
from  the  property  it  poesessea  of  forming  an 
oily  substance  when  mixed  witi  chlorine. 


Into  ajar  standing  over  water  half  lull  of 
Ihia  gas.  pass  an  equal  quantity  of  chknne 
gas.  The  gases  will  speedily  unite  and  form 
im  oily-looking  liquid,  which  may  be  collected 
from  the  sidee  of  the  jar  as  it  trickles  down 
By  continunlly  supplying  the  jar  with  the  two 
gases  as  they  combine,  a  considerable  quantity 
of  "lis  substance  maybe  collected.  Care  'hould 
b*   Hken  that  the  olefiant  gaa  ia  rather  in  excess 
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The  gi9  so  univBTsally  employed  for  the  purposes  of  illumi- 
nation is  »  mixture  of  tlie  oarburetted  and  bioarburetted 
hydrogen,  with  minute  portions  of  other  gases  scarcely  worth 
mentioning.  It  is  prMured  by  snbmitting  ooals  to  a  red  heat 
in  iron  retorts,  having  a  tube  passing  from  one  end,  along 
nhioh  paases  all  the  fluid  anit  gaseous  matter  separated  tVom 
lie  coal, — namely,  gas  tar,  ammoniacal  liquor,  and  Tarious 
gases,  carburetted  hydrogen,  carbonic  acid,  sulphuretted  hydro- 
gen, sulphurous  acid,  &e.  &c.  The  tar  and  ammoniacal  liquor 
remain  in  ihe  ressel  in  ■wLieh  the  tubes  from  the  retorts  ter- 
minate, and  the  gaseous  productions  are  conreyed  through 
water  and  lime  to  separate  the  impurities ;  tbe  remaining  gas, 
sow  fit  for  use,  passes  into  large  iron  vessels,  called  gasometers, 
inverted  over  water,  (like  the  jara  in  a  pneumalic  trough,) 
whence  it  is  sent  through  pipes  and  distributed  where  required. 
What  remains  in  the  retorts  is  called  colte.  It  consists  princi- 
pally of  charcoal,  miied  with  the  earthy  and  metallic  particles 
contained  in  the  coal. 


If  you  poaaees  an  iron  bottle,  fill  it  with  powdered  coal,  and 
attach  a  flexible  tube  to  it,  and  put  it  in  the  firo  :  aa  soon  as  it 
becomes  red  hot,  large  quantities  of  smoke  will  escape  from  tha 
end  of  the  tube,  being  the  gas  misedwith  all  its  impurities. 
Bypassing  it  through  water  (if  mixed  with  lime  it  will  bo 
better)  the  gas  may  bo  collected  in  jars  standing  over  water, 
and  submitted  to  experiment.  If  you  do  not  possess  a  bottle, 
take  a  tobaeco-pipe  with  a  large  bi>wl ;  fill  the  bowl  with  small 
coal,  cover  it  with  clay  or  putty,  and  when  dry  put  it  into  the 
fire,  and  the  gas  will  soon  appear  at  the  otber  end  of  the  pipe, 
when  it  may  be  lighted,  or  the  gas  may  bo  collected  over  water, 
aa  in  Ibe  former  experiment. 

This  gas  is  given  ofl'  sponlaneously  in  some  coal-mines,  and, 
ta  it  forms  explosive  mixtures  with  atmospheric  air,  the  mines 
where  it  abounds  could  not  be  worked,  except  at  Ihe  greatest 
risk,  until  about  the  beginning  of  tbe  present  century,  when 
Sir  H.  Davy,  while  prosecuting  some  researches  on  the  nature 
of  flame,  found  that  flame  would  not  pass  through  metallic 
tubes;  and  he  gradually  reduced  Ihe  length  of  Ihe  tubes,  until 
be  found  that  fine  iron-wire  gauze  formed  an  effectual  harrier 
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agniiiBl  the  passnge  of  flume.  He  then  thought  that  if  th« 
light  in  a  lantern  weie  snrrounded  with  this  gauie  it  might 
safety  be  used  in  an  iiifl».niniable  atmosphere  ivhere  a  naked 
light  would  instantly  cause  an  explosion.  Upon  submitting 
the  lamp  to  experiment,  he  found  that  by  passing  coal  gas  by 
degrees  into  a  vessel  in  which  one  of  his  lamps  was  suspended, 
the  Same  first  became  much  larger,  and  then  was  extinguished, 
the  cylinder  of  gauze  being  tilted  with  a  pale  flame,  and  though 
the  gauze  sometimes  became  red-hot  it  did  not  ignite  the  ^aa 
•utside.  As  tlie  supply  of  coal  gna  was  diminished,  the  wicic 
of  the  lamp  was  rekindled,  and  all  went  on  as  at  first.  A  coil 
of  platinum  wire  was  afterward  suspended  in  the  lamps, 
which  becomes  intensely  healed  by  the  burning  gas,  and  gives 
out  sufficient  light  to  enable  the  miner  to  see  to  work.  As 
long  as  t^e  gauze  is  perfect,  it  is  impossible  for  the  extert^al 
air  to  be  kindled  by  the  wick  ot  the  lamp  ;  but  the  miners  are 
BO  careless  that  they  will  often  remoie  the  gauze  to  get  e. 
belter  light,  to  look  for  a  tool,  or  some  cause  equally  trivial,  and 
many  lives  hare  been  lost  in  consequence  of  sucii  carelessness. 

The  effect  of  fine  wire  gauze  in  preventing  (he  passage  of 
flame  may  be  shown  by  bringing  a,  piece  of  the  gauze  gradually 
over  the  flame  of  a  spirit-lamp  UQtU  it  nearly  touches  the 
wick,  when  the  flame  will  be  nearly  extinguished,  but  the  vapor 
of  the  spirit  passes  through,  snd  may  be  lighted  on  the  upper 
aide  of  the  gsuie,  which  will  thus  have  a  flame  on  either  side, 
though  totally  unconnected  with  en.ch  other.  The  flame  from  a 
gas-burner  will  answer  as  well  as  the  spirit-lamp. 

Nearly  all  the  fluids,  and  solids  also,  used  for  procuring 
artificial  light.  Such  as  naphtha,  various  oils,  tallow,  wax, 
spermaceti,  spirits  of  wine,  ether,  &c.  &c.,  are  compounds  of 
carbon  and  hydrogen  in  difi'erent  proportions,  with  the  occa- 
sional addition  of  some  other  elements,  especially  oxygen  and 
hydrogen,  in  the  proportions  (o  form  water ;  as  a  general  rule, 
those  bodies  containing  the  greatest  proportion  of  carbon  give 
the  must  light,  though  not  necessarily  the  most  heat. 


MISCELLANEOUS  EXPERIMENTS. 


1.  Put  some  water  into  a  glass  or  cup,  and  pour  upon  it 
about  half  the  quantity  of  sulphuric  acid ;  upon  stirring  Ibem 
together,  the  temperature  will  rise  to  many  degrees  above 
boiling  water.  In  mixing  the  acid  with  the  water,  the  greatest 
viTK  should  be  talien  not  to  do  it  too  suddenly,  as  the  vessel 
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nnj  break  from  the  sudden  heat,  and  the  aoii]  be  spilt  on  tli« 
hands,  clotiieB,  &o.  The  greaWst  caution  is  also  necessary  in 
using  it,  as  it  will  attack  nearly  every  organic  tiling  it  is 
dropped  on. — If  a  piece  of  iron  is  hammered  smartly  on  an 
anvil,  its  latent  heat  will  be  evolved  in  a  short  time  to  auch  a 
degree  that  tbe  iron  will  become  almost  ted  hot. — Pour  a  little 
clear  water  into  a  small  glass  tumbler,  and  put  one  or  two 
pieces  of  phosphuret  of  lime  into  it.  In  a  short  time,  flasbea 
of  fire  will  dart  from  the  surface  of  Ihe  water,  and  terminate 
in  ringlets  of  smoke,  ascending  in  regular  succession. 

2.  Thinly  spread  some  dry  nitra,te  of  copper  on  a  piece  of 
tin-foil,  three  or  four  inches  square,  and  wrap  it  up;  therewiU 
not  be  any  effect  produced.  Unfold  tbe  tiu-foil,  and  sprinkle 
a  very  small  quantity  of  water  on  the  nitrate  of  copper,  wrap 
it  up  again  as  quickly  as  possible,  and  press  down  the  edges 
closely.  Considerable  heat,  attended  with  fumes,  will  now  be 
evolved;  and,  if  the  experiment  be  dexterously  managed,  it 
will  ignite.  This  shows  that  nitrate  of  copper  has  not  any 
effect  on  tin  till  in  a  state  of  solution.— Fill  a  saucer  with 
water,  and  drop  a  small  piece  of  potassium  into  it ;  (he  instant 
it  touches  the  water  it  wilt  burst,  with  a  slight  explosion,  into 
a  brilliant,  violet-colored  flame.  It  will  continue  burning  for 
a  short  time  on  the  surface  of  the  water,  darting  from  one  side 
of  the  vessel  to  the  other  with  great  violence,  like  a  beautiful 
fire-ball.  If  tbe  potassium  is  thrown  upon  ice,  it  will  likewise 
instantly  take  fire. — ^Pulveriie  separately  one  ounce  of  crystal- 
lized muriate  of  ammonia,  an  equal  quantity  of  nitrate  of  potash, 
and  two  ounces  of  sulphate  of  soda;  mix  them  together  in  a 
goblet  with  four  ounces  of  cold  water,  and  immediately  im- 
merse in  the  mixture  a  thin  glass  tube  containing  cold  water  ; 
in  a  short  time  it  will  freeze,  even  in  a  warm  room,  or  in  the 
midst  of  summer. 

3.  Take  a  very  thin  glass  bulb,  half-filled  with  water,  and 
continue  to  drop  ether  so  slowly  upon  it  that  it  may  evaporate, 
and  not  fall  from  the  surface  of  the  glass;  the  water  inside 
will  quickly  be  froien,  and  this  effect  will  take  place  sooner  if 
the  bulb  is  held  in  a  current  of  air. 

4.  Water  expands  by  cold  as  well  as  by  heat,  and  to  prov* 
this  it  is  only  necessary  to  expose  a  phial  filled  with  water, 
closely  corked,  in  a  frosty  Bight ;  when  llie  water  is  frozen,  the 
glass  will  burst. — Put  into  a  wineglass  a  few  teaspoonfuls  of 
a  concentrated  solution  of  silicate  of  potash,  and  odd  to  it 
gradually,  drop  by  drop,  sulphuric  acid.  If  these  two  liquids 
be  stirred  together  with  a  glass  rod,  they  will  become  converted 
in*'*  an  opaque,  white,  and  almost  solid  mass. 

.  Four  a  small  quantity  of  water  in  some  muriate  of  lime. 


,y  Google 


Just  sufficient  to  mturaCe,  not  liquefy  it  j  then  let  some  cnii' 
centraled  sulphiirio  acid  lall  griidually  upon  this  aolutioii,  and 
a,  solid  compound,  called  sulphcte  of  lime,  «ill  be  produced. 


;€ 


GlsBB  is  an  extremely  bad  conductor  of  beat,  and  ^^^^ 
tlie  I'eason  why  tumblers  and  oiJier  vessels  made  of   (C     ^ 

5\&ea  orack  when  hot  water  is  suddenly  poured  iulo 
leui  is,  that  tbe  interior  of  tlie  glass  expands  hefore 
the  heat  oun  penetrate  through  tlie  particles  on  the  ^  ^ 
outside,  which  are  cousequenlly  then  riven  asunder. 
Small  glass  toys  called  Prince  Rupert's  drops,  which  may  bo 
obtained  at  a  glass-blower's,  show  very  clearly  the  effect  of 
heat  on  bad  conductorB.  They  are  made  by  dropping  a  small 
quantity  of  glass,  while  almost  in  a  liquid  state,  into  water,  by 
which  means  a  globule  with  a  spiral  tail  is  instantly  formed; 
the  outside  of  the  globule  cools  and  solidifies  the  instant  it 
comes  into  contact  with  the  water,  before  the  inner  part 
changes,  and  this,  as  it  gradually  hardens,  would  contract, 
were  it  not  retained  and  kept  in  its  form  by  its  adherence  to 
tbe  outer  crust.  If  Ibe  tail  is  broken  off.  or  any  other  injury 
done  to  the  globule,  it  will  burst  with  a  slight  noise  and  fall  to 
pieces.  In  order  that  glass-ware  may  be  durable,  it  is  an- 
nealed; that  is  to  say,  it  is  put  into  an  oven  the  temperature 
of  whioii  is  allowed  to  deerease  gradually. 


1.  Add  a  liltle  water  impregnated  with  carbonic  acid  io  a 
wineglass  of  clear  lime-water:  these  two  liquids  will  combine 
and  form  a  white  substance,  which  is  called  carbonate  of  lime. 
—Throw  a  piece  of  copper  into  a  wineglass,  and  pour  upon  it 
some  nitric  acid :  these  two  fiibslances  will  combine,  and  a 
solution  of  clear  blue  Color  will  be  produced.  If  yon  plunge 
it  into  a  piece  of  iron,  (the  blade  of  a  kuife  will  answer,)  the 
acid  will  combine  with  (his  new  body,  and  the  copper  will  be 
precipitated  on  the  blade  of  the  knife  in  its  original  slate. 
Sliouid  the  solution  bo  allowed  to  remain  undisturbed  for  »ome 
days,  it  will  crystallize,  and  salts  of  copper  wilt  be  produced. 

'2,  Pour  a  little  of  the  inflision  of  litmus,  or  of  red  cabbage, 
into  a  wineglass,  and  add  to  it  a  single  drop  of  nitric  or  sul- 
phuric acid,  and  it  will  be  instantly  changed  into  a  beautiful 
red  color. 

3.  Take  a  little  of  the  liquid  mentioned  in  the  above  eiperi- 

»ien(.  either  before  or  after  it  has  been  converted  to  ted.  add  . 
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to  it  a.  few  drops  of  tlie  solution  of  potash,  or  soda,  aad.  upOB 
Btirrmg  it  up,  a  liiie  green  color  irHl  be  produced. 

i.  Let  a  drop  of  nitrate  of  copper  fall  into  a  glass,  and  then 
fill  it  up  with  water :  it  will  be  perfpcllj  colorless ;  hut  upon 
putting  a  drop  of  liquid  ammonia,  whioli  is  also  without  color, 
into  the  glass,  the  liquid  will  chnnge  into  »  beautiful  deep  blue. 

5.  Take  some  of  tlie  blue  liquid  left,  by  the  former  eiperi- 
nenl,  and  let  a  drop  or  two  of  nitric  s«i<I  fall  into  it,  and  It 
will  become  clear  as  crystal. 

6.  A  drop  of  nitrate  of  copper  poured  into  a  glass  of  water 
will  not  produce  any  change  in  the  color  of  the  fluid;  hut  if  a 
BDiall  crystal  or  a  drop  of  the  solution  of  prussiale  of  potash 
be  added,  the  water  wltl  become  a  dark  brown. 

T.  M'x  some  powdered  manganese  with  a  little  nitre  and 
throw  the  mixture  into  a  red  hot  crucible,  and  a  compound  will 
be  obtained  possessed  of  the  singular  property  of  changing 
to  different  colors  according  to  the  quantity  of  water  that  ia 
added  to  it  A  small  quanlitj  gi-ves  a  green  solution,  whilst  a 
Krenter  quantity  changes  it  to  ii  beautiful  rich  purple  The 
mtjt  experiment  may  be  varied  by  putting  equal  quantities  of 
this  subatnnee  into  separate  glisses  and  pounng  hot  water  in 
the  one  and  a  poition  of  cold  water  in  the  other  The  hoc 
Bolution  will  assume  a  beautiful  green  color,  and  the  cold  one 
a  deep  purple. 

8.  By  pouring  lime-water  on  to  some  juice  of  beet-root,  a 
colorless  liquid  is  obtained;  but  if  a  white  cloth  be  dipped  in 
the  liquid  and  dried,  in  a  few  hours  it  will  become  quite  red, 
by  the  mere  contact  of  the  air. 

9.  Spirits  of  hartshorn  dropped  into  a  solution  of  copper  eo 
weak  as  to  be  almost  colorless  will  produce  an  intense  blue, 
which  disappears  by  adding  an  acid. 

10.  roOTa*e,SDap.—Pouralittle  water  intoaphial  contain- 
ing about  an  ounce  of  oliie  oil;  shake  the  phial,  end  if  the 
tontenta  are  eiamined  it  will  be  found  that  no  union  has  taken 
place;  but  if  some  solution  of  caustic  potash  is  sdded,  nnd  the 
phial  then  shaken,  an  intimate  combination  of  the  materials 
■ccurs,  and  soap  is  produced. 

11.  Pour  a  little  nitro -muriatic  acid  upon  a  small  piece  of 
gold,  or  gold-leaf,  and  in  a  short  time  it  will  be  completely  dis- 
BolTcd,  and  the  solution  will  assume  a  beautiful  yellow  color. 

12.  Pour  a  small  quantity  of  nitric  acid  upon  a  little  bit  of 
pure  silver,  or  silver-leaf,  and  it  will  dissolve  in  a  few  minutes, 

13.  Pour  a  little  sulphuric  acid,  diluted  with  abont  fou' 
times  its  bulk  of  water,  upon  a  few  JTOn-filings;  n  strong  effer- 
vescence, caused  by  the  escape  of  bidrogcn  gas,  will  lake 
place,  and  in  a  little  lime  the  filings  will  disiippcar. 
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11.  Pour  flome  diluted  nitvifi  acid  on  a  piecB  of  enpper,  anil 
1q  a,  little  wbile  the  oopper  will  be  dissolved,  and  the  Holuliou 
will  become  of  a  beautiful  blue  tint. 

16.  Inlo  a  Bolutiou  of  nitrate  of  silver  immerse  a  amall  bal 
of  polished  copper;  on  withdrawing  the  bar,  it  will  be  found 
to  be  covered  with  a  fine  coaling  of  metallic  silyer. 

16.  A  small  bar  of  polished  iron  immersed  in  like  nmnner  in 
t.  solution  of  nitrate  of  copper  will  receive  a  coating  of  metallic 
oopper. 

17.  A  piece  of  Eilver  immersed  jn  the  above  solution  will 
remain  unchanged ;  but  if  immersed  in  contact  with  a  piece  of 
iron,  both,  when  withdrawn,  will  be  found  to  be  covered  with  a 
coating  of  metallic  oopper. 

18.  Pour  half  an  ounce  of  diluted  nitro-muriate  of  gold  into 
an  ale-glass,  and  put  in  it  a  piece  of  very  smooth  charcoal. 
Expose  the  glass  lo  the  rays  of  the  sun.  in  a  warm  place  ;  and 
In  a  abort  time  the  charcoal  will  be  covered  over  wilh  a  beau- 
tiful golden  coat.  Take  it  out  with  a  pair  of  pincers,  and 
enclose  it  in  a  glass  for  sliow. 


Mil  three  parts  of  dried  nitre,  one  of  sulphur,  and  one  of 
fine  dry  sawdust,  and  pound  them  Bell  in  a  mortar.  Press  a 
portion  of  this  powder  into  a  walnuf-shell,  and  also  enclose 
within  the  shell  a  thin  piece  of  silver  or  oopper  rolled  up  ;  then 
fill  the  shell  with  some  move  pcwder,  press  it  down  closely,  and 
set  fire  to  it;  the  piece  of  raeta!  will  soon  be  melted,  whilst  the 
nut-shell  is  merely  blackened. 


Wet  a  lump  of  fine  loaf  sugar  with  phosphorized  ether,  and 
throw  it  into  a  basin  of  water;  the  surface  of  the  water  will 
become  luminoua,  and  show  beautifully  in  the  dark;  by  gently 
blowing  upon  it.  phosphoreseenl  undulations  will  he  formed, 
which  will  illumine  the  air  above  the  fluid  for  a  considernble 
space.  In  winter  the  water  must  be  rendered  blood-warm.  If 
the  phosphorized  ether  be  applied  lo  the  hands,  (which  may  be 
done  with  safely,)  It  renders  them  luminous  in  the  dark. 


Put  a  small  piece  of  solid  phosphorus  inlo  a  quill,  and  wrile 
with  it  upon  paper ;  if  carried  into  a  dark  room,  the  writing 
will  appear  luminous,  and  have  a  beautiful  efiect.  ShoMld  tbe 
phosphorus  take  fire  by  the  friction,  it  must  be  pluuged  im- 
mediately iindi-r  the  surface  of  waier  and  oiiingui.-flhcd.    If  any 
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burning  phosphorus  falls  apon  the  hands,  the  painful  effects 
of  the  severe  burn  are  greatly  mitigated  by  pluuging  them 
'mder  Ihe  surface  of  water  to  which  a  very  litlle  solution  of 
ammouia  has  been  added. 


Into  a  basin  of  cleu.n  water  put  a  few  pieces  of  camphor; 
Uicy  will  commence  a  peculiar  motion,  traversing  ever;  part  of 
the  surface  of  the  waier,  but  may  instantly  be  stopped  by 
dropping  into  the  water  the  minutest  quantity  of  an  oily  sub- 


Put  into  a  retort  a  quantity  of  pounded  Suor  spar  and  sand, 
and  pour  upon  it  some  sulphuric  acid;  fluosilioic  acid  gas  will 
be  disengaged,  holding  silex  in  solution.  The  subjects  that 
you  wish  to  resemble  petrifactions  must  neit  be  moistened 
with  water,  and  plaeed  in  a  vessel  connected  with  the  neck  of 
the  retort.  The  fluosilicie  acid  gas  will  be  absorbed  by  the 
moisture  adhering  lo  the  subslancee,  and  the  silex  will  be  pre- 
cipitated upon  them  like  a  sort  of  hoar-frost,  which  will  liave  a 
beautiful  appearance,  and  be  tolerably  durable. 


beautiful  mutation  of  the 
gradually  licend  until  it 
DQulh  of  the  tiisk     nhei 


of  '4olLd  phosphorus  into  a  Florence  oil- 
ik  slantingly,  that  the  phosphorus  may 
not  break  Ihe  glass  pour  upon  it 
a  gill  and  a  half  of  water,  and 
place  the  whole  over  a  teakettle- 
limp  or  any  common  lamp,  filled 
with  spirits  of  wine  light  the 
wick,  which  should  be  about  half 
an  inch  from  the  flask,  and  as 
soon  as  the  water  is  boiling  hot, 
streams  of  fire  resembling  sky- 
rockets will  burotat  intervals  from 
the  water  some  particles  will  also 
adhere  to  the  sides  of  the  glass, 
and  immediately  display  brillianl 
rays  and  thus  continue  until  the 
water  begins  lo  simmer,  when  a 
irora  boiealiswill  commence,  and 
(llccis  into  a  pointed  cone  at  the 
t  h  la  continued  for  half  a  minute, 
lip  and  11  p  apeT  ol  hre  tJiat  wa» 
4'^0 
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formed  at  the  moulh  of  the  flask  vfill  rush  down,  forming  beau- 
til'ul  illumined  clouds  of  fire  rolling  over  eacli  other  for  eome 
time,  and  nhea  these  disappear,  a  uplendid  liemisphere  of  etarfi 
will  present  itself.  After  waiting  a  ininuie  or  two,  light  ihe 
lamp  again,  and  nearly  the  same  phenomena  will  be  displayed 
as  from  the  bBginning.  Let  a  repetition  of  lighting  and  blow- 
ing oat  the  lamp  be  made  for  three  or  four  times,  so  that  the 
number  of  Etar»  may  be  increased,  and  nftar  the  third  or 
fourth  time  of  blowing  out  the  iarap,  the  internal  surface  of  the 
flask  will  be  dry.  Many  of  the  Sfars  will  shoot  with  great 
splendor  from  sidb  to  side,  whilst  others  will  appear  and  burst 
at  the  mouth  of  the  flaelt.  What  liquid  remains  in  the  flask 
will  serve  for  the  same  experiment  three  or  four  times,  without 
adding  any  more  water.  Care  should  he  taken,  after  the 
operation  is  over,  to  put  the  flask  in  a  secure  place. 

SYMPATHETIC  INKS. 
All  'Writings  or  drawings  executed  with  sympathetic  inki 
are  illegible  until,  by  the  action  of  heat  or  some  chemical  agents 
upon  a  peculiar  acid  or  substance  which  forms  the  basis  of  the 
ink,  a  change  is  effected,  and  a  color  produced  from  that 
which  was  before  cglorlesa. 

1.  Write  with  n  weak  solution  of  sulphate  of  iron,  and  it  will 
be  invisible;  when  dry,  wash  it  over  witiia  solution  of  prussiali) 
of  potash,  and  the  writing  will  be  restored,  and  turned  to  a 
beautiful  blue. 

2.  Write  with  some  of  the  above  solution,  and  it  will,  as  be- 
fore stated,  become  invisible,  hut  if  a  brush  which  has  been 
dipped  in  a  decoction  of  oak-barti,  or  tincture  of  galls,  be 
slightly  passed  over  it,  it  will  turn  black. 

3.  Write  with  the  nitro-muriate  of  gold,  and  brush  Iheletters 
over  with  muriate  of  tin  in  a  diluted  state.  The  viriting,  be- 
fore invisible,  will  then  appear  of  an  exquisitely  beautiful 
purple  color. 

4.  The  most  curious  of  all  kinds  of  sympathetic  ink  is  that 
procured  from  cobalt.  It  is  a  very  singular  phenomenon, 
peculiar  to  tlds  ink,  that  the  characters  of  flgures  tractd  out 
with  it  may  be  made  to  appear  and  disappear  al  pleasure;  all 
other  kinds  of  sympathetic  ink  ore  at  first  invisible,  until  some 
fluid  has  been  applied  to  cause  their  reappearance,  but  when 
onoe  they  are  developed  they  remain  permanent.  To  make 
Ibis  ink,  lake  zalfre,  and  dissolve  it  in  nttro-muriatio  acid, 
until  the  acid  extracts  from  it  (he  metallic  part,   or  cobalt, 

the  solution,  which  ia  very  acrid,  with  common  water.      If  you 
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write  with  this  preparation,  the  eharaolers  will  be  inyisiWe, 
but  when  exposed  to  a  mudcrale  degree  of  heat,  tiiey  will  be. 
come  green,  and  on  the  paper  cooling  again  Ihej'  will  vanish. 
However,  if  the  paper  is  overheated  the  writing  will  not  dis- 
appear. 

5.  Write  with  a  diluted  solution  of  muriate  of  copper,  and 
the  wriliug  will  be  invisible,  when  drj;  but  on  being  held  to 
the  fire  it  will  be  o'  a.  yellowish -green  color. 

COLORED  FIRES. 


One  ounce  and  u  bnlf  of  dry  nitrate  of  strontia,  three 
drachms  and  six  grains  of  powdered  snlphur,  one  drachm  and 
twelve  grains  of  chlorate  of  potash,  two  drachma  of  the  sul- 
phuret  of  antimony,  a,nd  one  scruple  of  charcoal,  will  make  a 
most  beautiful  and  intense  red  fire.  Pound  the  chlorate  of 
potash  and  sulphuret  of  antimony  each  separately  in  a  mortar, 
and  afterward  mix  tliem  together  on  paper,  then  add  Ihem  to 
the  other  ingrrdienta.  In  mixing  these  ingredients,  it  must 
always  be  remembered  that  chlorate  of  potash  and  sulphur  ex- 
plode when  cubbed  together. 


For  green  fire,  lafee  twenty-seven  partg  of  nitrate  of  baryta, 
thirteen  of  flovrera  of  sulphur,  five  of  niJrafe  of  potash,  three 
of  charcoal,  and  two  of  metallic  arsenic.  Let  the  nitrate  of 
baryta  be  well  dried  and  powdered;  pulveriie  the  other  ingre- 
dients completely,  mix  them  carefully  together,  and  then  grind 
them  with  a  muller  on  a  stone  slab,  taking  especial  care  to  in- 
corporate them  thoroughly. 


Take  of  nitrate  of  baryta  twenty-aeven  parta  by  weight,  of 
sulphur  thirteen,  of  chloride  of  potassium  five,  of  realgar  two, 
and  of  charcoal  three  parts;  incorporate  theni  completely,  and 
when  inflamed  Ihey  will  emit  that  peculiar  whittsh-blue  light 
accompanied  by  much  smoke  which  is  employed  in  faii'y-soenes 
at  theatres. 


L  tngether  Ei:itpen  parts  of  nitre,  four  of  sulphur,  and  one 
liment ;  ptiice  it  on  a  tile.  n.nd  apply  a  match  :  it  will  bur» 
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Tbia  fire,  the  most  beaufiful  of  any  c  mpD^ilion  yet  known, 
is  termed  spur  fiie  from  the  spaiks  bean  ga  great  resem- 
blance to  the  rowel  ot  a  spur  It  is  generally  made  of  snltpetre 
tiro  pounds,  sulphur  one  poun  1  und  Ian  pblack  three-quarters 
of  a  pound,  incorpo  ated  thoroughly  togelher  it  should  then 
be  put  into  cases  at  out  sii  incbes  in  length,  but  not  driven 
very  hard.  Thia  compoaition  is  very  difiiouU  («  mis.  The 
aaltpetre  and  brimstone  must  be  first  Bitted  together,  then  put 
into  a  marble  mortar  and  the  lampblaek  added  to  them;  in- 
corporate the  ingredients  with  a  wooden  pestle  till  the  miilura 
appears  of  a  dark  gray  color ;  then  drive  some  into  a,  case  for 
trial,  and  fire  it  in  a  dark  place;  if  the  sparks,'  which  are 
called  stars  or  pinks,  come  out  in  clusters,  and  afterward 
spread  well  without  any  other  sparks,  it  is  a  sign  of  its  beinjc 
good ;  if  any  drossy  sparks  appear,  and  tbe  stars  are  imperfect, 
tlie  composition  is  not  miied  enough ;  and  if  the  pinks  are 
very  small  and  soon  break,  it  is  a  sign  that  you  have  rubbed  it 
too  much.  This  fire  has  abetter  effect  in  a  room  than  in  the 
open  air,  and  may  be  fired  in  a,  chamber  without  any  danger; 
indeed,  it  is  of  so  innocent  a  nature  that,  although  it  seems  an 
improper  phrase,  it  may  truly  be  termed  a  cold  fire,  f^r,  if  well 
miied,  tlie  sparks  will  not  burn  a  handkerchief  when  held  in 
the  midst  of  them  ;  you  may  hold  the  cases  in  your  band  wbile 
the  fire  jets  out  with  as  muc'l  'ifety  as  a  candle ;  and  if  you 
put  your  hand  within  a  foot  of  the  case,  you  will  feel  the 
sparks  fall  like  drops  of  rain 


Our  limits  warn  us  to  close  this  highly  interesting  subject, 
and  in  so  doiug  we  shall  observe  that  the  eiperiments  we 
have  selected  to  elucidate  the  principles  of  chemistry  arc 
mostly  very  easy  of  atlninment,  and  can  be  tried  without  in- 
curring ranch  expense :  indeed,  the  smallest  quantities  :^old  of 
some  of  the  more  expensive  niticks  will  be  amply  sufficient 
for  tbe  purpose  of  displaying  their  effects,  whilst  a  trifling 
quantil^y — three  or  four  pennyworths,  for  instatice^of  the  mora 
common  ones  will  do,  as  the  ctfecta'are  as  beautifully  nppnrent 
in  small  as  in  largo  quantities.      Neither  it  it  necessary  to  piir- 
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chase  many  glasses  or  vessels  in  whicb  to  inalie  the  mixtures, 
as  some  slips  of  cotnmoa  window-glasH  will  serve  the  purpose, 
if  only  a  few  drops  of  the  liquids  are  mixed  together.  This 
economical  plan  hsB  been  adopted  by  Dr,  Eeid,  of  Edinburgh, 
with  the  greatest  success;  and  tjros  in  chemistry  would  do  well 
to  bear  in  mind  that  Sir  Humphry  Davy  taught  himself  with 
an  apparatus  «hieh  cost  but  a  few  shilliugs. 
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OPTICAL  EXPBBIMENTS. 


It  may  be  said  without  exaggeration  that  the  chief  facts  in 
Ihe  seienca  of  chemiatry  have  hoen  discovered  within  the  last 
eightj-fiye  years,  and  a  similar  r'  m  irk  may  be  made  with  re- 
spect to  the  beautiful  phenomena  of  light,  vii.;  that  the  greal- 
pst  refinements  anil  impiovements  in  the  science  of  optics  have 
l)p-n  discovered  and  practised  within  about  the  same  period. 
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ftltliough,  of  course,  mucli  was  effected  and  reduced  to  system 
a  leas  wo  1  u  J  d}«  rs  ago.  No  olherbrancli  ofGciencehaa 
g  en  „e  ae  pe  fo  he  esereise  of  the  highest  oi-dec  of  rea- 
eon  ng  han  1  e  gorgeo  la  and  magnifioeat  eSeota  of  light;  and 
he  s  udy  of  s  na  ure  was  pursued  with  the  greatest  dili- 
gence and  Bucceea  by  the  philosophers  of  antiquity.  If  the 
ca  h  was  alwnjB  flooded  with  light,  probably  its  nature  would 
n  have  esc  ed  so  much  curiosity ;  but  the  very  fact  of  its 
Ic  g  he  pre  urs  of  man's  daily  toil,  the  first  greeting  of 
ca  li  day  would  nduce  a,  greater  amount  of  thought  lo  be 
I  V  ed  to  s  or  g  n  and  eiistenoe :  hence  light  was  typified 
n  arous  ways  u  heithen  mythology,  and  Eos  or  Aurora 
wa  the  name  of  he  goddess  of  the  dawn,  who  at  the  close 
of  every  n  gl  t  roao  f  om.  her  coucli.  and  in  a  chariot  drawn 
by  swilt  horses  ascended  up  to  heaven  to  announce  the  com- 
ing light  of  the  sun;  whilst  Helios  or  Sol,  the  god  of  the  aun, 
was  fancifully  supposed  to  atart  in  a  chariot  drawn  by  four 
horses  friim  his  magnificent  palace  in  the  easl,  to  speed  lo 
his  second  royal  abode  in -the  west,  where  hia  horses  fed  upon 
herbs  growing  in  the  Islands  of  the  Blessed.  Such  fnnoiful 
creations  of  imagination  indicate  that  the  thoughts  of  the 
ancients  were  turned  lo  the  consideration  of  invisible,  impon- 
derable light,  and  they  endeavored  to  give  this  "quintessence 
pure"  a  formal  existence.  The  ancient  Greelis  were  acquainted 
with  the  properties  of  the  burning-glass,  which  was  sold  as  a 
curiosity  in  the  toyshops,  just  as  the  kaleidoscopes  and  the 
magic-laatema  are  to  he  obtained  in  the  bazaars  at  the  pre- 
sent day.  In  order  to  comprehend  the  principles  of  these 
optical  contrivances,  it  is  necessary  to  speak  of  the  nature 
of  light,  beginning  with  the  enumeration  of  the  sources  frow 
which  it  may  be  derived. 


THE  SOURCES  OF  LIUHT. 

Light  emanate'  from,  at  \eatt.  sii  different  sources.  The 
first,  the  greatest  and  tho  gr.^ndest,  is  the  sun,  the  centre  of 
our  planetary  ayslem,  and  the  great  source  of  light  and  heal 
to  the  earth.  Tho  magnificence  of  this  celestial  light-giving 
agent  can  only  be  appreciated  by  considering  the  gigantic  size 
of  the  sun  as  compared  with  the  earth,  the  former  having  a 
diameter  of  770,800  geographical  miles,  and  being  112  times 
greater  than  that  of  the  earih. 

The  sun's  volume  is  1,407,124  times  that  of  the  earth,  and 
600  times  greater  thnu  all  Ihc  pianists  unilerl.  Sir  Join 
llcrschel   saja,  if  a  glo'ie  reprcsenlinf  the  sun    and  two    feci 
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in  diameter,  be  placed  in  tlie  centre  of  a  welMeTolled  field, 
and  ft  circle  described  round  it  having  a  diameter  of -481) 
feet,  the  representation  of  the  earth  placed  on  tlie  circum- 
ference of  this  circle  would 

not  be  Isrger  thnn  a  pea,  ^dia^Hi^B^rtiHfl^H^MK- 
nhilat  the  circumference 
nould  represent  (he  orbit 
or  path  of  (he  earth.  Arago 
mya,  "Itis noaxaggeratiun 
to  aeaert  tJiat  the  electric 
light  is  comparable  lo  the 
solar  light;  the  furmer  is 
not  effaced  in  the  presence 
of  that  of  the  lalter."  Ac- 
cording to  the  energy  of  the 
battery  employed,  the  eli^c- 

tric  Jight  varies   from   the    .  V° '"'li   — ■-"".■<=... .=,—..15. 

fifth  part  to  the  fourth  of  "ibTiTog  ^«1  a  h^  b  hanaie  .ttKched. 
that  of  the  suD  ;  and,  aup-  b  laon  the  same  eliatt  tbal  carriea  ilis 
posing  it  to  be  equivalent  "'^.'fljf.i'ja  Bh  wn  at  n 
to  about  three  or  fonr  thou- 
sand wax-candlea,  the  light  of  the  sun,  at  Iks  surface  oj  lie 
earlh,  would  be  equal  to  about  twenty  thousand  candles  on  the 
same  area  as  would  be  illuminaled  by  a  single  electric  light 


m 


of  great  eiergy.      Comparison   is   always  a  useful   mode   sf 
Inslructijn,  and  therefore  it  may  bo  worth  while  to  nieuliun 
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Icaet  300,00ft  limes  greater 
sequenlly   Ihe  firmament  must  be 

3IM),m}    full    moona   to   produce 
a   light   equal  to   that    of 
the  sun      Light   c 
from  terrestrml  m 


irbeu 


ruhbeil  one  againut  the 
other;  and  heoce  the  use 
of  the  tlint  and  steel :  bere 
minute  particles  of  iron 
are  rubbed  off,  the  very 
act  of  friction  being  suffi- 
cient to  produce  the  bea' 
which  helps  their  combua- 
tioa  in  Ihe  air.  Beforo 
<n  of  (he  safetj- 


ea,  ateel  miita 

it  requisition  in  dan- 
I  pits,  and  every  coal- 
ffas   provided   with 
3   boy,  whose   mono- 
I   duly   conaisted    in 
g  a  little  steel  wheel 
against  a  piece  of  flint,  at 
the     risk    of    continually 
,  rubbing  off  the  ekin  from 
:;•  his   fingers,   or  projecting 
■'  the  small  particles  of  the 
flint  or  steel  into  his  eyes  ; 
nrina.  o     ^^  ^^^  nothing  of  the  occa- 
uldtoB.  sionaS  brutality  of  the  coat- 
1  centre  liewer,  who  would  allow  no 
relaxation  to  the  tired  little 
of  the  fingers  which  helped  to  pro- 
'''?S'i''  duce  the  light. 
■  -        'PP™  "       The  friction  of  a  railwny- 

aiis  hag  occasionally  been  ao  great  as  even  to  set  fire  to  the 
carriage  to  which  it  belonged. 

Friction  is,  therefore,  an  iiopnctant  source  of  light,  whether 
it  be  applied  by  civilized  noea  to  the  ignition  of  a  lucifer- 
match,  or  in  the  more  troublesome  and  laborious  efforts  of  a 
eavftge  with  hia  dried  pieces  of  wood. 

A  third  source  of  light  ia  chemical  action.— undoubtedly  (nenl 

to  the  Bun)  the  most  valuable  means  of  obtaining  illuminating 
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power  wilhout  Ihe  eierciEe  of  phyaical  strength.  Light  is 
procured  from  the  mere  eontact  of  certain  chemical  agents. 
Thus,  if  some  oMorinated  lime,  called  chloride  of  Ume,  be 
moistened  with  water,  and  placed  in  a  bealter-glass  standing 
at  the  bottom  of  a  deep  jar,  and  some  acid  be  poured  upon  it 
by  means  of  a  tube  and  funnel,  the  acid  beiug  hydrochloric  or 
sulphuric  acid,  effervescence  takes  place;  a  heavy  gas,  called 
chlorine,  is  disengaged,  which  falls  to  the  bottom  of  Ihe  jar ; 
and  if  a  little  Dutch  metai — i.e.  copper- leaf— is  now  dropped 
into  it,  light  is  produced  by  the  sudden  combination  of  the 
metal  with  the  gas. 

In  performing  this  eiperiment,  great  care  must  be  taken  not 
to  inhale  the  chlorine  gas,  as  it  produces  a  most  painful  and 
irritating  cough,  which  would  last  a  considerable  time.  After 
performing  the  eiperiment.  either  place  the  glass  on  tie  chim- 
ney-hob till  the  gas  has  ail  passed  up  the  chimney,  or  put  it 
outside  the  window  and  shut  down  the  sash  ;  and  after  the  acid 
has  been  poured  in,  put  a  plate  over  the  top,  to  prevent  any 
gas  being  carried  out  of  the  jar  by  accidental  currents  of  air 

A  powder  composed  of  chlorate  of  potash  and  sugar  repre- 
sents solidity.  At  the  ordinary  temperature  of  the  atmosphere, 
these  materials  might  remain  in  contact  for  years  without 
evolving  light,  until  touched  with  the  smallest  quantity 
(a  drop)  of  oil  of  vitriol,  when  suddenly  a  little  crackling  noiae 
ia  beard,  a  large  flame  flashes  upwards,  and  the  heap  of 
powder  is  gone, — burnt  up, ^-changed  into  carbonic  acid  and 
aqueous  vapor,  which  pass  into  the  air;  whiie  a  small  quantity 
of  a  white  matter,  and  perhaps  a  few  specks  of  cliarcoal, 
remain  behind.  Before  the  extended  manufacture  and  applica- 
tion of  phosphorus  in  the  preparation  of  luctfer-matches,  the 
same  mixture,  combined  with  a  small  quantity  of  red  lead 
and  gum,  was  attached  to  the  ends  of  little  bits  of  pine-wood, 
and  these,  when  dipped  into  a  bottle  containing  asbeatoa 
moistened  with  oil  of  vitriol,  immediately  took  fire,  as  already 

A  third  and  eioellent  illustration  of  chemical  action  aa 
a  source  of  light  is  shown  in  the  combustion  of  all  oil,  tallow, 
wax,  and  gas  in  the  production  of  artificial  illumination ; 
the  perfection  of  the  light  depending,  in  a  great  measure, 
on  the  Ignition  of  the  solid  charcoal,  which  introduces  us  to 

The  fourth  mode  of  procuring  light;  viz.:  65  tkt  increesi 
»f  heat  in  lolid  bodies,  or  what  is  colled  ignifion  in  conlra- 
liistinction  to  combustion,  which  means  the  actual  burning  of 
a  substance. 

For  inslanoe.  if  a 
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gen  flame  would  be  a.  very  tedious  busi- 
ness: bence  ooal  gas,  which  airendy  contains  the  charcoal,  sup- 
plies the  element  required,  and,  being  in  excess,  is  not  wholly 
and  at  once  burnt  up  hy  union  with  the  oxygen  of  the  air,  but 
is  deposited  in  the  body  of  the  flame,  where,  becoming  ignited 
or  incandescent,  the  light  is  produced,  and  this  is  the  principle 
of  the  illuminating  power  of  oil.  tallow,  wax,  &o. 

A  fifth  source  of  light,  and  one  that  may  alarm  or  delight  ua 
according  to  the  manner  of  its  production,  is  Electricity, — that 
wondrous  power  which  man  bas  rendered  subaer'ient  to  his 
command,  and  employs  to  conve;  his  tkougbts  almost  as 
quickly  aa  they  are  conceived,  by  the  electric  telegraph.  In 
many  other  ways,  and  especially  as  a  light-giving  agent,  elec- 
tricity promises  in  due  time  lo  become  second  only  to  the  sun 
in  utility  and  brilliancy. 

On  a  dark  stormy  night  there  is  nothing  more  awful   (in 

consc(|uenoe  of  the  suddpnness  of  the  appearance  and  disap- 

pcaraoce  »f  the  excessively  brilliant  light)  than  it  flash  of  light- 
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ning.  In  Tain  do  the  nervous  trj  to  eiclnde  the  bright  gleams 
of  light  by  closing  sliutlers  or  hiding  heads  undur  the  bed' 
clothes:  the  light  has  come  and  gone  eve  the  words  whicli 
chronicle  its  esistenoe  have  escaped  Us,  and  by  the  tioio  we 
hnvc  remarked,  "  How  blue  the  lightning  isl"  the  cause  of  the 
color   has  vanished;   the  impression  only  remoius   upon  the 

The  electric  light  is  ob- 
taitied  either  by  passing 
a  stream  of  sparks  from 
the  prime  conductor  of 
an  electrical  machine,  or 
by  the  use  of  a  powerful 
voltaic  battery  of  at  least 
thirty  pairs,  on-Profcssor 
Grove's  principle,  which 
must  be  conneoled  with 
the  charcoal  points  ar- 
ranged on  tlie  ends  of  the 
instrument  called  the  uni- 
versal discharge.  B  B 

Tbe  points  mustbe  con- 
stantly brought  together,    chareoal  pnints  '""""'''™''"^ 
as   the    positive    pole    is       hb,  Three  batterlea  often  cells  esfb. 
always    losing     charcoal, 

which  deposits  partly  on  the  negative  pole ;  the  carbon  so  de- 
posited is  not  in  a  perfect  state  of  nggregation,  and  soon  bums 
away ;  otherwise  the  light  is  uot  caused  by  the  combustion  of 
the  charcoal,  and  is  prwluced  by  the  ienition  of  the  points,  and 
the  passage  of  the  current  of  electrici^  from  pole  to  jiole. 

The  passage  of  the  charcoal  from  one  point  to  the  other  is 
porfectly  and  beautifully  displayed  on  a  screen  to  a  number  of 
persons  at  the  same  time,  by  using  Duboscq's  elegant  arrange- 
ment, in  which  the  electric  lamp  is  placed  inside  a  lantern  with 
a  plano-convex  lens,  and  provided  with  a  dish  perforated  with 
holes  gradually  decreasing  in  siie.  By  adjusting  the  proper 
orifice  to  the  lens,  and  connecting  Duboseq's  lamp  with  the 
battery  of  thirty  cells,  a  picture  of  Ihe  charcoal  points  is  pro- 
jected on  to  the  screen;  the  passage  of  the  electric  current, 
(shown  by  a  bluish  light,)  with  the  transfer  of  the  charcoal 
from  the  positive  (o  Ihe  negative  pole,  is  very  perfectly  seen. 

Professor  Pepper's  DiiboBcq  cascade  will  long  be  remembered 
by  the  habiiuii  of  the  rolytechnic. 

The  sixth  source  of  li^ht  is  perhaps  more  curious  than  all  the 

ethers  which  have  been  enumerated,  and  is  called   "  PhospKo 

mcence."     This  term  must  not  be  confounded  with  the  Hse  of 
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the  highly  combustible  aubstance  called  phosphorus,  aa  tho 
luuiiiiouB  effects  are  obtained  feoui  bodies  which  do  not  conlain 
any  of  that  element.  Moreover,  a  phosphorescent  light  is 
evolved  from  living  inflects,  and  therefore  it  must  (in  this  case) 
be  the  result  of  some  remarkable  organic  process. 


of  light  isirodu  el 


PHOSPHORESCENCE. 
11  distinct  means  t 


which  this  kind 


tentiou  was  fir't  directed  to  this  mode  of  causing  bodies 
ime  in  tie  darl  bj  (he  experimenta  of  a  shoemaker  of 
^na  who  toing  engaged  in  alchemical  mysteries,  had 
^lon  to  calcine  some  i  alive  sulphate  of  harjta,  or  what.ia 
Qonly  termed  heavy  spar  aad  he  remarked  that  whenever 
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this  snbsfance  nfia  expoaed  (o  the  sun's  rajs  after  being  healed 
red-hot,  it  poaaessed  the  curious  property  of  shining  wiien 
tiiken  into  a,  darkened  chambar.  The  shoemakei,  in  looking 
for  the  philosopher's  atone,  missed  the  golden  prize,  but  dis 
covered  this  substance,  which  soon  began  to  be  in  great  demand 
among  the  curious  under  the  name  of  Bolognian  phospborui 
and  alter  the  death  of  Vinoeniio  Cascariolo,  the  cleyer  shoe 
maker,  a  family  of  tha  name  ot  Zagoni  retained  the  secret  of 
the  preparation,  and  supplied  the  philosophers  and  diletianli 
of  Europe  with  this  prepared  substance. 

Canton's  phosphurus  possesses  similar  properties,  and  ii 
prepared  by  taking  a  doicn  large  oyster-shells  and  placing 
them  in  an  open  fire  for  half  an  hour,  after  which  the  whitest 
and  largest  pieces  are  selected,  mixed  with  about  one-third  of 
their  weight,  of  flowers  of  sulphur,  pressed  into  a  crucible  with 
a  olosely-luled  cover,  and  heated  red-hot  for  an  hour.  It 
should  be  remembered  that  tbe  oyster-shells  alone,  when 
heated  for  about  an  hour  in  contact  with  charcoal,  i.e.  placed 
in  an  open  fire  surrounded  with  coke,  become  luminous  when 
exposed  to  the  sun's  rays,  and  emit  curious  prismatic  colors  in 
a  darkened  room. 

Nitrate  of  lime,  prepared  by  saturating  nitric  acid  with  lime 
from  chalk,  evaporating  to  dryness,  and  melting  at  a  low  red 
heat,  evolyea  light  in  adark  room  after  exposure  to  thesun's  rays. 

The  conditions  of  success  In  the  use  of  these  solar  phospnori 
consist  in  a  great  measure  in  the  warmth  and  dryness  of  the 
weather,  as  a  cold  or  damp  state  of  the  atmosphere  decreasea 
the  power  of  shining. 


In  this  case  it  is  only  necessary  to  take  various  subetaneei 
in  the  powdered  state,  and  to  sprinkle  them  on  a  lieated  sur- 
face, such  as  a  platinum  spoon,  held  over  the  flame  of  a  spirit- 
lamp,  and  an  iron  shovel,  just  red-hot,  taking  care  of  ■bourse  to 
perform  the  experiment  in  a  dark  room  or  a  oupboird  lined 
with  black  calico. 

The   powdered  substances  which  become  luminoirs  in  thii 

Fetid  carbonate  of  lime,  called  stinkstone,  which  '»  rathn" 

plentiful  at  Bristol. 
Compact  phosphate  of  lime. 
Calcareous  spar. 
Heavy  spar. 
Powdered  quarts. 
Fluor  or  Derbyshire  spar. 
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Mr.  Penrsall  has  shown  (in  a  very  inlereflting  series  of  ex- 
periments) that  the  luminosity  of  these  Eubstanees  is  gi'eatly 
inereaaod  by  cleelrieal  discharges,  and  he  found  that  it  con- 
ferrod  the  property  ifpon  many  aubstanoes  which  did  not  other- 


Varioua  animal  Bubstaooes  become  luminous  before  putreB- 
oence  haa  comnienced,  and  especially  the  flesh  of  certaio  flah, 
of  wliich  the  moat  remarkable  are  lench,  carp,  sole;  and  her- 
ring, lobsters,  and  craba,  when  perfectly  fit  for  the  table,  will 
sonjetimes  emit  a  phoaphoreacont  light. 

One  of  the  most  remarkable  instances  on  record  Is  fliat 
described  by  the  late  Mr.  Daniel  Cooper,  and  witnessed  by  thn 
author,  viz..  the  phosphareacenoe  of  the  nhole  of  the  hiimaa 
bodies  which  were  au<lergoing  dissection  at  the  Webb  Street 
School  of  Medicine.  The  phusphorescenco  commenced  in  ona 
of  the  Bul^ects.  and  a  portion  transferred  by  a  scalpel  to  tha 
other  dead  bodies  conferred  the  same  property  npon  them. 
The  efl'ect  waa  eslremely  wonderflil,  not  to  say  fearful ;  it 
reminded  one  of  the  gho>itly  story  of  "  Frank enatein,"  and 
suggested  the  fanciful  notion  of  the  rcauacitation  of  these  poor 
remains  of  human  mortality. 


The  glowworm  (described,  with  ma.\j  olher  'Tommon  Ob- 
jects of  the  Coimlry,''  by  the  Rev.  J.  C.  Wood)  is  not  a  worm, 
but  a  beetle. 


Jig.  «.— Mfllo  nnd  fcmaJo  gloHworin. 

The  hundred-legged  worm  found  in  decayed  poplar  wood,  or 

under  limp,  bricks,   and  pots  in  the  garden,   eniils  flashes  of 

[iffht  when  irritated  by  a  llltte  warm  water.     Whilatin  tropical 
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e  of  opinion  (hat  it  ia  caused  by 
very  time,"  Bays  iLe  doctor,  "I 
■,  I  withdrew  it  full  of  bipliores, 
beroea,  and  uicdusce.  In  one  single  drop  I  discovered  myriads 
of  small  beings  moving  rapidly  about,  and  at  eiery  contraction 
of  ibese  animulculne  tlie  emission  of  ligbt  became  more  intense. 
...  I  had  placed  in  a  glass  vase  some  gigantic  biphores  ;  I 
saw  them  alternately  riae  and  fall  in  the  vaUsr,  and  all  their 
moTements  were  accompanied  by  a  jet  of  fire,  which  iocreaaed 
the  luminous  intenaity  of  the  liquid  fourfold." 

The  French  Minister  of  Marine  lately  received  a  report  from 
Captain  TrSbuchet,  of  the  Caprkieusi  corvette,  dated  Amboyna, 
August  28,  1860,  in  which  he  slates  that  on  the  night  of  the 
26th  of  that  month,  wliile  tacking  to  reach  Amboyna,  lying  at 
about  twenty  miles  E.N.E.,  he  and  hia  crew  wilneseed  the 
curious  apeetaole  of  the  Millty  Sea,  wiiich  the  Dutch  call  the 
Winter  Sea,  because  bolh  tbe  sky  and  the  waters  present  tlie 
appearance  of  fields  covered  wilh  snow.  The  phenomenon 
lasted  from  seven  P.M.  until  the  return  of  daylight.  They  nt 
firat  attributed  it  to  the  reflection  of  the  moon,  then  only  Ihrea 
days  old;  but,  as  the  appearance  continued  after  the  moon  had 
aet,  this  explanation  had  to  be  discarded.  A  bucketful  of  sea- 
water  being  drawn  up  and  examined,  it  waa  found  (o  contain 
about  200  groups  of  animalculie  of  the  aame  (hiokness  (Ihat  of 
a  hair),  hut  of  different  lengths,  varying  between  one  and  two 
tenths  of  a  millimetre,  and  adhering  to  each  other  by  tens  and 
twenties,  like  airings  of  beads.  These  inseeta  emitted  a  fised 
light  similar  to  that  of  the  firefiy  or  glowworm,  and  it  was  ad- 
mitted on  all  hands  that  the  white  appearance  of  the  sea  could 
only  be  attributed  to  these  minnle  creatures,  the  numbers  of 
which  must  therefore  exceed  all  imaginntion. 

In  a  paper  read  before  tbe  Royal  Sociely,  written  by  Father 
Bourges,  he  speaks  of  the  phosphorescence  of  the  sea-waler  in 
the  wake  of  the  ship,  and  aaya,  "  One  day  we  took  in  our  ship 
a  fish,  which  some  thought  was  n  bonetji;  the  inside  of  the 
mouth  of  this  fish  appeared  in  the  nieht  like  a  burning  coal, 
BO  that,  without  any  other  light,  I  could  read  by  it  the  same 
charaotera  that  I  read  by  the  Itffhl  in  the  vike  of  the  skip.  lis 
mouth  being  fiillof  a  viscous  matter,  we  nibbed  apiece  of  wood 
with  it,  which  immediately  became  all  over  luminous;  but  as 
soon  BB  the  moisture  was  dried  up,  the  liRht  was  enlinguisbed." 
This  phosphorescent  light  may  be  one  of  thi  inscrutable  won 
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ders  of  creation,  and  serre  possibly  t-o  illumine  the  eternal 
darkness  of  tlie  great  ocean -depth  9  to  wMch  the  rajs  of  the  buti 
never  penetrate,  giving  liglit  to  tliose  animaia  wliieh  tslie  tbeir 
food  near  these  valleys  of  llie  bed  of  the  ocean. 


Cecayeit  wood,  and  especially  peat,  has  occasionally  been 
observed  to  evolve  a  faint  lighl,  and  even  some  flowers  bave 
been  remarked  to  give  out  brilliant  flashes  of  light  during  a 
warm  summer's  evening.  The  names  of  the  flowers  are  the 
tuberose,  nasturlium,  and  marigold ;  also  the  leaves  of  the 
Phytolacca  decandra,  and  certain  mosses,  with  some  species  of 
iliizomorpba,  have  been  observed  to  be  luminous  in  mines. 


Jlr.  H.  Rose  notic  m    k  bl    '     ta         f  th'    p    perly 

in  llie  solution  of  vit  b  d  cid ; 

one  ounce  of  the  ar  d  b    d  hreo 

ouuccs  of  the  hydro  h  d   w  e  of 

valer,   and  the  who  d         S  Hisi; 

■when  very  slowly  co      d   h  d  gr  stal- 

lizcs,  and  nearly  eve  m  g     flash 

of  light  in  a  duvkene         m 

The  onuse  of  pho  pli  d  y  b    per- 

fectly understood;  b     h  h      y  of 

lighl,  it  is  possible  b  m  com- 

inenccd  in  phospho  b  d       mm  the 

surrounding  ether.     Th    g    w  d  ji    fl    m  ntn- 

tally  endowed  with  the  power  to  produce  these  rapid  vibrationfi, 
the  principle  being,  that  as  vibrations  of  the  air  produce  sountf, 
BO  the  vibrations  of  the  theoretical  ether,  which  is  supposed  to 
flit  all  space,  would  generate  light. 

Phosphoresoenoe  is  quite  independent  of  combustion  ;  it  may 
arise  in  some  cases  from  electrical  disturbance,  but,  taking  it  as 
a  whole,  Boienlific  men  are  obliged  to  confess  their  ignoranca 
of  the  causes  which  produce  the  leading  cases  of  phospho- 
resceuce  already  enumerated. 


PHENOMENA  OF  LIGHT. 

HiTHEBTO  the  experiments  and  remarks  in  this  article  have 

applied  merely  to  sclf-lnniinoua   bodies,  but  yet  we  see  every 

other  shape  and  form  on  the  surface  of  the  globe,  although  the 

bodies  may  not  be  self-luminous.     The  cause  is  very  simple, 
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and  depends  chieHy  on  the  properly  possessed  by  all  bodies  of 
reflecting  or  throwing  off  the  rays  of  light. 

For  instance,  we  might  enter  in  imagination  the  cavern  of 
the  Forty  Thieves  in  the  tale  of  Ali  Baba ;  the  countlesa  riches 
are  comparatively  useless,  because  we  cannot  see  them,  they  do 
not  shine  and  make  tliemselres  apparent  ia  tjie  dark ;  but  a, 
lighted  taper  or  torch  very  soon  throws  its  rays  in  every  diree- 
tion.  and  these  falling  on  the  surrounding  objects  are  rejected 
to  the  eye  and  there  produce  the  phenomena  of  vision, 

A  bright  beam  of  light  may  be  passed  from  the  Duboscq 
lantern  across  a  darkened  chamber,  and  if  it  falls  upon  a  piece 
of  black  velvet  and  the  face  is  turned  away  from  it,  hardly  any 
light  is  perceptible  in  the  room ;  but  if  the  rays  be  received  on 
a  sheet  of  card-board,  then  the  secondary  reflection  illuminea 
the  room.  It  ia  this  reflection  of  light  by  clouds  and  masses  of 
vapor  that  produces  the  diffused  light  of  day.  If  the  globe 
was  Qot  surrounded  by  an  atmosphere,  the  sun  would  look  like 
a  huge  electric  light  in  a  perfeedy  black  sky.  Hence  the  im- 
portant connection  between  luminous  and  non-luminous  bodies. 
For  the  purpose  of  reasoning  on  the  properties  of  light,  tt  is 
usual  to  consider  a  beam  of  light  as  made  up  of  rays,  and 
when  a  ray  of  light  remains  in  the  same  medium  of  the  same 
density,  it  pursues  a  perfectly  straight  line,  but  if  it  passes  out 
of  that  medium  int«  another  of  a  different  density,  or  into  any 
other  solid,  fluid,  or  gaseous  body,  it  may  he  disposed  of  in 
four  different  ways.      It  may  be 

1.  Reflected.  3.  Polarized. 

2.  Refracted.  4.  Absorbed. 

The  limits  of  this  very  popular  article  will  not  allow  us  to 
discuss  Nob.  3  and  4,  but  there  are  many  entertaining  eiperi- 
menls  to  be  performed  with  light  in  the  use  of  various  reflect- 
ing and  refracting  substances. 


Nature  Bupplies  us  with  bodies  of  all  degrees  of  reflecting 
power,  and  it  is  a  property  which  is  influenced  rather  by  the 
condition  of  tlie  surface  than  the  nature  of  the  material,  as  we 
may  destroy  the  brilliancy  of  a  bright  mirror  by  breathing 
upon  it,  and  we  may  also  confer  a  reflecting  surface  on  black 
charcoal  by  applying  the  thinnest  film  of  gold  or  silver  leaf. 

Concave  mirrors,  in  which  the  suriaee  corresponds  with  the 
inside  of  a  watch-glass,  hare  the  property  of  collecting  the 
rays  of  light,  while  convei  mirrors,  in  which  the  surface  re- 
sembles the  exterior  of  a  watch-glass,  scatter  the  rays  ia  all 
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that  beautiful  ii 


n  of  Sir  David  Brewater  called 


Thia   interesting   inetriiinent   is   of  modern   i 
forms  u  t<^  of  the 


it  pleasing  kind.  Rough,  thougb  effect' 
ive,  kaleidoscopes  may  be  purchased  for 
a  TCrj  moderate  price  at  most  toy-shops, 
but,  for  the  instruclion  of  those  of  our 
readers  who  would  like  to  make  them, 
we  proceed  to  give  some  instructions  by 
which  they  may  construct  very  paaaable 
I  specimena  for  a  trilling  expense.  Get  a 
lube  of  tin  or  pasteboard  of  eight  or  ten 
inches  in  length  and  one  and  a  half  or 
two  inches  in  diameter;  have  one  end 
stopped  up  with  a  piece  of  tin  firmly 
soldered  in,  and  let  there  be  a  slight  hole 
Fig.  44.  made  exactly  in  the  centre  of  this  end- 

piece.  Neit  procure  two  pieces  of  look- 
ing-glass of  nearly  the  length  of  IJie  tube,  for  refleolore;  but 
if  looking-glass  is  not  easily  obtained,  strips  of  good  new  crown 
glass  will  answer  the  purpose,  if  the  lower  surfaces  are  black- 
ened with  lamp-black  or  black  wax.  These  plates  of  glass 
must  be  put  into  the  tube  in  the  manner  shown  at  B  C  B  D  in 
the  marginal  figure;  they  must  be  quite  p.irallel  and  close  to 
each  other  at  the  lower  part  B,  and  kept  asunder  at  the  upper 
part  by  a  piece  of  cork  or  any  other  Knbsfance  E ;  the  polished 
sides  of  the  glasses  must  be  uppermost,  as  at  b  b;  A  indicates 
the  sight-hole  at  the  farther  end,  and  close  to  thia  the  reflector* 
must  be  titled.  The  reflectors  being  put  in,  a  piece  of  glass  of 
the  same  diameter  as  the  tube  is  to  be  pushed  into  the  tube  so 
as  to  touch  the  reflectors,  aumlrv  bits  of  different-colored  glass 
are  to  be  laid  on  it,  and  a  ring  of  brass  or  copper  placed  round 
its  edge,  and  then  another  piece  of  glass,  one  side  of  which  has 
been  ground  with  fine  emery,  laid  upon  that ;  the  edges  of  the 
tin  tube  are  then  to  be  burnished  down  round  the  last-men- 
tioned piece  of  glass,  by  which  plan  the  glasses  are  firmly 
iecured  in  their  places  and  the  instrument  completed.  If  a 
piece  of  marbled  or  tinted  paper  is  afterward  nicely  pasted 
over  it,  the  kaleidoscope  will  look  very  neat  and  workmanlike. 


of  the  kaleidoscope,  posses 
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ing  rau  h  of  tl  beaul'ful  effect  of  that  pleasing  ii 
«  hou  1  ab  1  y  o  be  affeo  ed  !>j  a  shake,  so  as  l^o  deranga 
he  e  eg  tit  forma  ivhick  it  produced. 
A  9  a  square  box.  in  the  front  of 
wh  oh  e  ght-bole  B  is  made;  two 
r  r  t  are  placed  at  the  bottom 
of  he  boi  and  in  order  that  they 
may  be  made  to  move  round  with 
fac  1  y  hn  bs  or  handles  should  ba 
Gxed  0  he  ends  of  tbeir  ailes  at  the 
G  des  of  1  e  box.  Od  these  rollers  a, 
p  ce  of  calico,  D,  must  be  wound, 
__  and    up  n    nhioh     fanciful    borders, 

^  fl  w  rs   and  ornaments  out  out  from 

peceeofpape  hang  gs  mus  be  pasted  Two  plane  niirrors, 
E  E  JO  n  d  oge  he  by  a  a  r  i  of  eather,  hinge-fashion,  are 
hen  o  be  pu  on  be  cvl  o  as  hown  in  (he  margin,  and,  of 
course,  all  the  objects  thereon  make  a  very  pretty  display  in 
tho  glasses  when  viewed  through  the  sight-hole  B.  The  mir- 
rors must  be  so  constructed  that  they  may  be  put  to  any  incli- 
nation by  means  of  two  small  pieces  of  wood  fastened  to  them 
Bnd  passing  tliruugh  tho  sides  of  the  box  An  opening  should 
be  made  in  the  boi  for  the  convenicn''e  of  renewing  the  sub- 
jects, and  the  top  of  it  be  ooyeied  with  mu'ilin,  strained  tight, 


i-transparent  medium 


Light  is  refracted,  or  bent  out  of  its  course,  when  it  passes 
iibliquely  through  a,  medium  of  greater  density  thaa  that  which 
it  has  been  trarersing  so  as  to  ftlL  quite  in  a  different  place  lo 
what  it  would  havs  done  had  it  not  passed  into  that  medium ; 
and  the  amount  of  this  refraction  or  bending  of  the  light  is 
always  governed  by  its  obliquity,  and  the  nature  of  the  sub- 
stance through  which  it  progresses  There  are  some  sub- 
stances or  media  which  are  of  greater  density  and  rcfraet  light 
better  than  others,  as,  for  inslnnce,  alcohol  refracts  it  more  than 
water,  oil  mare  than  alcohol,  and  glass  even  more  than  oil. 
Among  the  many  useful  inventions  which  the  progress  of 
civilization  and  Icnowledge  has  brought  forward,  there  are  few 
which  are  of  so  much  utility  as  those  which  depend  upon  the 
retractive  powers  of  glass  for  their  effect ;  and  these  are  the 
telescope,  microscope,  camura  obscura,  magic  lanlem,  &c,  &c. 
The  pieces  of  glass  u>^ed  'n  these  instruments  are  termed  Irvee', 
from  their  being  made  in  'he  shape  of  a  flat  bean  or  lentil ; 
Ihis  shape,  from  being  -oimded  outwardii  on  both  side',  forms 
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what  ia  called  a  oonres  lens,  and  in  addition,  the  concave,  or 
kollota  on  both  sides,  witli  the  various  modiliciitioDS  of  both 
kinds  of  lensea,  are  emplojed  for  optical  purposes.  The  con- 
tei  lenaea  cause  the  different  rays  which  pass  through  them 
from  any  given  point  or  object,  to  bend  and  unite  together 
ftgain  at  another  point  beyond  them.  The  more  convex  the 
lena  is,  the  nearer  ia  its  focus,  lor  it  has  been  ascertained  that 
the  focua  of  n  double  convex  lens  is  exactly  vhere  the  centre 
of  the  sphere  would  be,  of  which  the  surface  of  the  lens  is  a, 

Eortion;  conaequontly,  in  proportion  to  the  conveiilj  of  (he 
:ns,  so  will  the  nearness  of  its  focus  be,  as  it  then  forms  a 
part  of  a  smaller  sphere.  When  the  light  proceeding  from  all 
points  of  any  object  placed  before  a  lens  ia  collected  at  a  cer- 
tain point  beyond  it,  and  received  on  a  wliite  screen  or  other 
medium  in  a  darkened  room,  it  produces  the  well-known  effects 
of  the  magic  lantern,  the  solar  and  oxy-hjdrogen  microscopes, 
and  the  camera  obscura ;  and  when  the  image  beyond  a  lens  ia 
viewed  in  the  air,  in  a  particular  direction,  it  then  ahows  the 
diaposition  of  parts  which  form  the  telescope,  common  micro- 
scope, &c.  The  concave  lens  acta  exactly  the  reverse  of  the 
oonifes;  that  is,  instead  of  converging  the  rays  to  a  point,  it 
expands  them,  and  causea  them  to  fill  a  space  considerably 
larger  than  the  size  of  the  lens  itself. 

Seme  of  the  most  striking  of  celestial  appearances,  and 
which  are  of  very  frequent  occurrence,  are  (he  result  of  fhe 
reflection  and  refraction  of  the  raya  of  light.  The  serene 
mild  glow  of  twilight,  which  go  aoftiy  and  awoetly  ends  the 
day,  and  diminiahea  the  tranaition  from  the  burning  glare  of 
the  Bun  to  the  cold  hues  of  night,  is  owing  to  reflection,  and  so 
also  is  that  beautiful  many-eolored  arch,  the  rainbow.  The 
varied  tinta  of  the  clouds,  from  the  gray,  pearly,  morning 
dawn,  to  the  brilliant  crimson  and  gold  glories  of  sunset,  are 
produced  by  a  oombinalioti  of  cauaea,  absorption,  reflection, 
and  refractioD.  The  deceitful  mirage  is  another  effect  owing 
to  refraction.  It  is  occasioned  by  unequal  refraction, — that  ia, 
when  the  rays  of  light  enter  a^medium  of  different  densities, — 
and  ia  a  phenomenon  of  rare  occurrence  in  temperate  climates, 
occurring  chiefly  in  those  subject  to  the  extremes  of  tempera- 
ture, whether  of  heat  or  cold.  In  the  arid  deserts  of  Africa, 
the  mirage  frequently  presents  (he  appearance  of  a  delightful 
tract  of  country  stretching  across  the  wide  plain,  in  which  the 
traveller  fancies  he  may  refresh  himself  and  his  camels,  shel- 
tered by  lofty  palm-treea,  from  the  scorching  rays  of  the  sun; 
hut  as  the  waniterer  pursues  his  onward  course,  he  finds  the 
unsubstantial  forma  vanish  before  his  eager  gaze,  making  tiia 
ireary  way  still  more  desolate  from  tiie  bitterness  of  dissp- 
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pointment.  In  the  Arctic  Tegiona  also  tlie  mirage  prese 
forma  of  great  interest  and  beauty,  but  of  a  different  ebartic 
from  those  in  the  tonid  zone,  displaying  lofty  towei-a  nnd  p 
naclea,  high  baltlemented  walls  and  aerial  palaces,  from 
refracted  forms  of  the  icebergs.  There  are  many  pleas 
ways  of  showing  the  principles  of  refraotion. 


Put  a,  piece  of  money  at  the  bottom  of  an  empty  basin,  and" 
then  retire  a  few  steps  backwards,  till  the  edge  of  the  basin 
Boceens  the  money  from  your  sight.  Keep  your  head  steady, 
and  request  some  one  to  fill  the  basin  very  gently  vrith  water; 
as  the  water  rises,  the  coin  will  come  gradually  into  riew, 
and  when  the  basin  is  nearly  full  of  watet  it  will  be  completely 
■risible. 

By  the  assistance  of  the  Dubosci^  lantern,  arranged  as  already 
described,  with  the  exception  of  the  diaphragm,  wliich  must  be 
remoTed  and  a  piece  of  thick  cardboard  or  brass  cut  in  the  form 
of  an  arrow  arranged  in  its  place,  and  a  double  convex:  lens 
placed  in  front,  a  perfect  image  of  the  arrow  is  thrown  on  the 
disk,  and  whilst  the  picture  is  visible,  if  a  piece  of  plate-glass, 
loarlied  C  in  the  cut,  say  one  inch  wide  and  half  an  inch 
thick  aud  six  inches  long,  la  held  across  the  shaft  of  the  card- 
board arrow,  a  pieca  of  the  shaft  is  seen  to  be  broken  out  or 
refracted,  as  shown  in  the  picture  below. 


JIB.4B.— *,  Tho  electric,  or  oxy-hYdrogpn^ light, 

c,  Tho  hit  nf  plato-glas",  We  r^fracUng  wfdimn,  in  frur 
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THE  MAGIC  LANTERN. 

"Tt^ENT   one  of  the  most  amuaiuj^  o^    opiicat 

.nTeoted  by  Kiroher,  about  tlie  middle  of  tba 

Eenturj,   and  was  of  the  greatest  service   to  the 
magicians  of   those  lines, 
enabling  them  to  work  upon 
the  credulity    of  the   igno- 
rant and  superstitious  nith 
the  utmost  facility.     As  a 
vehicle    of   amusement,    it 
io  DO  smitll  de- 
shape  of  a  ga- 
.^^L-t  „^„,.,  to  the  liilarity 
of  a  parly  of  merry  younk- 
ers  iu  a  long  winter's  night; 
and  as  a  means  by  which 
on  astronomy  can 
ited,  it  arrests  the 
of    the    old    aud 

a  of  which  demnnds  our 
attention  first,  is  represented  in  the  margiu.  A,  is  a  box  made 
of  wood  or  tin,  ahout  eight  inches  square,  hnring  a  benl  funnel 
or  chimney,  IJ,  at  the  top ;  a  handle,  C,  ven<lers  it  a  portable 
instrument,  and  holes  are  made  near  the  bottom  to  feed.the 
flame  of  the  lamp  with  the  air  which  is  requisite  for  its  com- 
bustion ;  in  the  front  of  (he  box  there  is  a  tin  tuba,  furnislied 
at  the  end  near  the  light  with  a  plar.n-conyex  lens.  D, — which 
indeed  is  affixed  to  the  lantern  itself,— and  at  the  other,  a 
doubly  couTex  lens,  F;  this  tin  lube  is  fixed  to  the  lantern  hj 
a  square  foot,  tlie  sides  of  which  are  open,  as  at  E,  to  admit 
the  sliders,  and  the  end  of  the  tube  in  which  the  doubly  convex 
lens  is  fastened  is  made  to  slide  in  and  out  for  cuiiTenience 
when  adjusting  the  focus;  a  third  lens  is  Dccnsioually  em- 
ployed when  the  space  is  very  confined,  as  a  larger  field  of 
view  can  be  obtained  by  its  aid  than  in  the  ordinary  method. 
the  lamp,  O,  is  a  common  argand  burner,  furnished  with  a 
concave  tin  reflector,  to  concentrate  the  intensity  of  the  light ; 
and  if  the  lamp  is  made  to  slide  backwards  and  forwards  by 

The  Fhantasmagorial  Lantern  varies  but  slightly  from  the 
foregoing,  the  chief  points  in  which  it  diilers  being  in  the  tiMio 
of  the  tube  containing  the  doubly  convex  lens,  which  is  moili: 
10  project  more  beyond  the  lens,  F,  and  in  Ihe  lens  itself  btiuiJ 
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contrived  ao  as  to  move  readily  back warila  and  forwards,  e 
oy  u  ruck  and  pinion,  or  studs  fastened  on  each  side  ;  in  a 
to  shut  off  the  light  abruptly,  which  maj  be  either  a  tin  a 
10  run  into  the  groove,  or  else  a  piece  of  tin  fastened  it 
front  of  all-,  and  in  the  top  of  the  square  chamber,  in  w 
the  sliders  run,  being  mad«  si  as  to  opei 


£    SLIDERS. 

The  sliders  are  made  of  pieces  of  glass,  surrounded  by  a 
Blight  frame,  and  in  dimensions  are,  of  course,  regulated  bv  the 
depth  of  the  aperture  intended  for  them  in  the  lantern.  'Few 
hints  can  be  given,  beyond  naming  the  colors  and  the  mode  of 
preparing  them,  toward  the  painting  of' the  sliders,  as  tiiate  is 
the  best  guide  and  practice  the  most  impressive  instmctor  in 
all  matters  relating  to  painting.  The  colors  pioper  are  only 
such  as  are  transparent;  and  they  are  the  following; gam- 
boge, scarlet  lake,  Prussian  blue,  a  green  made  of  distilled 
verdigris  and  a  quarter  of  its  bulk  of  gamboge,  burnt  sienna, 
burnt  umber,  and  lampblack.  A  few  materials,  suoh  as  a 
glass  mailer,  and  slab, — which  last  may  be  about  sil  inches 
square, — a  palette-knife,  and  some  small  bottles  to  put  the 
colors  in  after  they  are  ground,  are  also  requisite.  The  colors 
should  be  ground  up  with  Canada  balsam  and  turpentine,  equal 
parts  of  each,  or,  if  in  that  proportion  they  are  loo  thick  for 
grinding  freely,  rather  more  turpentine  may  be  added  :  so 
mixed  they  require  about  a  week  to  dry,  and  have  a  very  beau- 
tiful appearance:  but  if  it  is  wished  to  have  them  harden  in 
less  time  than  that,  mastic  varnish  may  be  employed  instead. 
When  painting,  take  a  very  little  color  at  a  time  out  of  the  bot- 
tles, aa  it  soon  hardens ;  and,  if  too  thick,  temper  it  with  tur- 
pentine. A  piece  of  glass  will  serve  as  a  palette,  and  a  bit  of 
stick  as  a  means  of  getting  the  color  out  of  the  bottles.  The 
black  pigment  used  in  d.irkening  the  surface  of  the  glass  round 
the  figures  of  the  Phantasmagoria!  sliders  is  compostd  of  lamp- 
black ajjd  asphallum.  dissolved  in  turpentine. 

The  subjects  intended  for  the  sliders  must  be  carefully  drawn 
upon  a  piece  of  paper,  which  should  be  placed  under  the  glass. 
and  then  painted  from ;  and  too  much  attention  cannot  be  paid 
to  the  drawing  of  them  ;  for,  when  they  are  thrown  upon  the 
wall,  all  their  defects,  however  minute,  are  enlarged  to  an 
astonishing  extent. 

Those  parts  of  the  Subjects  which  are  to  appear  white  must 

he  left  entirely  destitute  of  color,  as  flake  and  all  other  whites 

are    opaque   pigments.      The    mixed    colors    are    produced    V 

blending  the  colors  before  mentioned  :   thus,  greens  are  ma*"  -  by 
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meana  of  yellow  and  blue,  orange  by  yellow  and  oarmiBe,  So, ; 
this  last,  allbough  not  an  exact  uviinge,  is  near  enougli  for  the 
purpose,  for  the  red  which  composea  the  proper  tint  is  opaque, 
and  consequently  uselesa.  The  sliadowe  may  be  obtained  eitier 
by  stronger  tints  of  the  same  colors,  or  by  shades  of  brown  or 
blue  aa  may  be  requisite.  It  is  neceasary  fo  observe  that  tlie 
skj-tiuta  must  be  darker  than  they  are  intended  to  appear,  for 
the  yellow  light  of  the  lamp  throwing  a  yellowish  tone  upon 
the  colors,  they  would  lose  their  effect  were  they  not  so 
managed ;  for  the  same  reason,  the  green  of  trees  and  grass 
should  be  painted  of  a  bluish  green,  the  reda  be  but  rery 
slightly  used,  and  never  shaded  with  blue;  and  purples  should 
also  be  but  sparingly  employed,  for  Iho  yellow  lone  of  the 
lights,  uniting  with  the  blue  and  lake  colors  used  in  the  purple, 
forms  a  decidedly  neutral  tint,  or  blackish  purple,  much  too 
dark  and  unintelligible  for  the  purpose.  As  it  is  often  neces- 
sary to  remove  some  parts  which  do  not  harmonize  even  after 
they  have  well  dried,  a  penknife  will  he  found  of  great  assist- 
ance, and.  when  bright  lines  are  required  upon  a  dark  ground, 
the  effect  is  easily  managed  by  scratching  the  color  away  with 
a  needle  or  any  otiier  pointed  instrument ;  and  if  the  lines  are 
to  appear  faintly  colored,  it  is  only  necessary  to  paint  them 
delicately  after  the  scratching  is  completed. 

The  sliders  for  the  common  magic  lantern  are  transparent, 
that  is,  the  figures  are  painted  on  a  piece  of  plain  glass,  whilst 


Sk  >^:;aj 


on  those  used  in  the  Phantasmagorial  lantern  (he  figures  art 
surrounded  by  an  opaque  black  tint,  aa  in  the  illustrations; 
the  figures  on  (he  former  are  usually  shown  upon  a  wall,  as  re- 
presented in  the  headpiece  (o  this  chapter,  page  495,  and  inva- 
riably have  a  circle  of  light  around  them;  whilst  those  in  the 
latter  are  thrown  upon  a  semi-transparent  screen,  which  i» 
placed  between  the  spectators  and  the  lantern,  and,  in  const- 
quence  of  no  circle  of  light  accompanying  them,  have  a  verj 
beautiful  appearance. 

Almost  magical  effects  of  light,  shade,  and  mnlinn  may  be 
produced  by  means  of  different  glasses;  and  the  sliders  aa 
idapted  are  termed  "  moviible  sliders." 
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Lflndaeape-glassea  are  glaasBS  on  which  several  views  are 
painted,  dividBd  from  each  other  by  some  alight  lorcground 
object,  as  a  tfte,  or  a  building,  or  guidepost.  Various  effects, 
from  the  brightest  mid-day  to  the  deepest  tints  of  night,  may 
be  produced  in  these,  by  means  of  double  alidera;  and  Ihes* 
contriTancea  may  be  thus  applied.  Cut  avay  the  frame  of  the 
slider  at  each  and,  nearly  even  with  the  glass,  and  fasten  two 
narrow  strips  of  wood  along  thu  glass,  one  at  the  top  and  Iha 
other  at  the  bottom ;  the  piece  of  glasa  nhieh  ia  to  be  moved 
sliould  esactly  fit  the  space  between  the  upper  and  under 
frames,  and  act  upon  tlic  slips,  and,  to  keep  it  steady  in  its 
place,  two  or  flircc  pins  may  be  driven  into  the  slips. 

Storm-glas^Jes,  which  are  very  ingenious  representationa  of 
the  effects  developed  by  a  change  from  a  calm  to  a  thunder- 
storm, require  two  glasses,  aa 
in  the  former  slider :  No.  1 
the  anneied  illustration  slioi 
a  common  slider  painted  at  o: 
end  to  represent  a  calm  of  s 
and  sky,  and  the  sun  setting 
splendor;  towar 
the  clouds  appear  threatenin 
and  a  gentle  unilulation  of  tl 
■water  breaks  its  repose ;  farther  on,  a  still  greater  agitation  ol 
the  clouds  and  water  is  shown;  and  at  the  other  end  the  light- 
nings flash,  and  the  sweeping  wave  lellsof  the  war  of  elementa. 
The  effect  is  materially  heightened  by  means  of  the  second 
slider.  No.  2,  having  several  ships  painted  on  it ;  and  these,  of 
Course,  must  correspond  to  the  action  of  the  water,  from  the 
bark  sailing  in  quiet  majesty  to  the  tenipeat-torn  and  shattered 
hulk. 

The  effects  of  moonlight  and  sunrise  may  also  be  imitated  by 
double  sliders,  and  by  a  third  one  figures  may  be  introduced 


thesr 


Tbe  eyes  and  mouths 
move,  and  produce  aniost  sin 
and  by  referring  to  the 
marginal  illustration  the 
modes  by  which  these  are 
manKged  will  be  clearly 
understood.  In  No.  1  the 
heads  of  a  crocodile  and 
lion  are  delineated,  and  in 
No.  2  the  contrivances  for 
moving  the  jaw  of  the  one 
ind  the  eyes  of  the  other. 
H 


add  to  their  beauty. 
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the  lower  jaw  painted  upon  it  and  eurroundecl  with  black,  wlileiv 
fills  up  ft  BpaCB  of  eorrespondlEg  size  left  blank  in  the  perfeol 
slider ;  a  slight  lever  siiould  be  fastened  to  this  piece  of  tale, 
act  upon  a  pivot  on  the  frame,  and  project  a  little  beyond  it ; 
and  as  it  moves  up  and  down,  bo  will  the  crocodile's  mouth  ap- 
pear to  open  ftnd  shut.  The  eyes  of  the  lion  must  be  pftinted 
blftclt  upon  a  transpftrent  piece  of  talc,  as  at  B,  from  which  a 
BJde  lever  should  be  carried,  as  in  (he  former  case,  to  a  little 
bejond  the  frame,  and,  to  prevent  the  talc  from  Ehifling  too  far 
either  backwards  or  forwards,  a  drop  or  two  of  sealing-WRi  or 
a  little  knob  of  wood  fastened  to  the  glass  on  each  side,  either 
of  the  talc  or  lever,  will  bo  found  sufficient. 


As  WB  before  briefly  stated  that  different  media  were  re- 
quired on  which  to  show  the  effects  of  the  Magie  Lantern  and 
PbanUsmagoria,  we  must,  in  concluding  this  article,  give  some 
directions  respecting  them.  Although  any  white  surface  will 
do  very  well  lo  receive  the  objects  from  the  Magic  Lantern,  jet 
a  clean  sheet  stretched  tightly  upon  a  wall  is  by  far  (he  beet, 
aa  ihe  chief  point  is  to  have  a  medium  of  perfect  whiteness  and 
quite  flaL  The  screen  for  the  Phantasmftgoria  may  be  made 
of  tissue-paper  strained  upon  n  frame.  Some  persons  recom- 
mend oiled  paper  as  the  best  medium ;  but,  in  our  opinion, 
paper  so  prepared  is  too  transparent,  the  plain  tissue  being  thin 
and  translucent  enough  for  any  purpose. 

Wetted  muslin  and  wased  muslin  are  also  ftdvocat<^d  by  some 
persons;  but  for  a  screen  suited  to  thepockets  of  yom^expeii- 
mentalists,  nothing  can  be  better  than  the  one  we  recommend. 


Is    a    ven     simple,    portable,    and    economical    species    of 

micro  ecfP     nvented  by  the  late  Earl  of  Stanhope.      It  is  a 

cylinder  of  gl   hS,  about  half  an  inch  in  length  and  a  quarter  of 

an  in  h  in  diameter,  and  is  generally  mounted  in  white 

T  metal  silver,  or  gold.  Both  ends  are  ground  convex, 
one  rallier  more  so  than  the  otlier,  and,  as  its  focus 
dies  not  exceed  its  length,  it  is  only  necessary  to  put 
the  object  to  be  viewed  either  upon  or  in  immediute 
contact  with  the  end  which  has  the  slighter  degree  of 
c  nveiity,  (o  hold  the  instrument  up  to  the  light  and 
1  k  through  it,  when  the  object  will  be  seen  consider- 
ablj  naguified,  to  llie  estent,  wc  believe,  of  40B6 
V  .  jl      times     its  magnifying-power  is, therefore,  nearlyequal 
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to  that  of  manj  compound  microaeopes.  The  animaloulaa  in 
Btftgnant  wa-ter,  the  mites  iu  cheese,  the  farina  and  deliuate 
leavea  of  flowers,  the  beautiful  down  upon  the  wings  of  buner- 
aiea  and  motlis,  human  hair,  and  haira  of  different  animiila, 
are-  among  the  objects  which  tliia  lens  developa  in  a  lucid 
manner,  as  likewise  the  exquiaitelj  minute  crjatftllization  of 
Baits,  if  a  drop  of  solution  of  gaits  be  lightly  spread  over  one 
end  of  it  and  liewed  instantaneoualy  ere  the  moistuie  fully 
»Yaporales. 


Have  a  boi  made  about  twelve  inches  in  length,  four  in 
depth,  and  sis  in  width ;  in  the  middle  of  one  end  of  it  let  a 
hole  be  bored,  as  at  A,  in  the  annexed  diagram,  in  which  put  a 
doubly  convex  lens  ;  and  at  the  other  end,  inside  tlie  box,  place 
a  piece  of  good  looking-glass,  aa  at  B,  inclining  it  at  an  angle 
of  45",  or,  in  less  technical  phrase,  in  a  position  midway  be- 
tween the  horizontal  and  perpendicular,  so  as  to  reflect  objects 
upwards.  Part  of  the  top  of  the  box  must  be  made  so  as  to  act 
tlie  part  of  a  lid,  upon  hinges,  aa  D,  and  the  space  beneatli  be 
filled  up  by  a  piece  of  ground  glass  C,  upon  which  medium  the 
objects  are  reflected  from  the 
looking-glass  with  the  utmost 
exactness  and  greatest  beauty, 
so  as  to  appear  like  an  ex- 
quisite picture  in  miniature. 
Sides  are  usually  added  to  the 
lid,  as  St  E,  to  keep  off  as  much 
of  the  circumambient  light  as 
possible.  In  some  cameras,  in- 
stead of  a  fixed  lens,  a  sliding 
tuba,  with  a  lens  at  the  eitn 
of  the  box  should  be  painted 
fault  of  that,  stained  with  ink. 


Get  a  piece  of  thin  platinum  wire,  and  twist  it  round  the  point 
of  a  pin,  ao  aa  to  make  a  very  small  ring  with  a  handle  to  il 
Next  break  a  piece  of  flint  glass  into  pieeea  about  the  aiie  of 
mustard -seeds,  or  somewhat  larger;  put  one  of  the  pieces 
upon  the  ring  of  wire,  and  hold  it  in  the  point  of  the  flame  of 
a  candle,  when  the  glass  melts,  it  will  become  of  a  completely 
globular  form,  and  aerve,  when  mounted,  every  purpose  to 
which  microscopes  can  be  applied.  The  simplest  mode  of 
'      ■      "--   ' ■'  either  to  put  of"  K^>w.^n 
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two  pieces  of  brasa,  which  have  holes  made  in  them  of  just  tl'e 
Bize  to  retaio  the  eJge  of  tbe  lens,  or  tJiey  may  be  fastened  to  a 
single  piece  of  brass  bj  the  aid  of  a  little  gum.  It  is  to  be  ob- 
Herved  that  the  smaller  the  drop  of  glass,  the  more  globular  it 
will  remaiD,  and  consequeatl;  possess  greater  magnifying 
powers. 


Temporary  microscopes  of  considerable  distinctness  maj  be 
very  easily  made,  by  piercing  a  hole  about  the  size  of  a  pin'a 
head  in  a  piece  of  brass,  and  carefully  placing  a  minute  drop 
of  water  on  the  hole,  where  it  will  assume  a  globular  shape. 
These  lenses,  as  may  be  imagined,  are  very  easily  rendered 
useless,  being  affected  by  the  slightest  movements. 


Our  young  readers  will  find  these  three  eiperiments  upon  the 
colors  in  a  ray  of  light  of  great  irlerest  and  beauty. 

Close  the  shutters  of  a  room  into  which  the  sun  is  shining, 
and  ao  eichange  midnight  gloom  for  meridian  brightness ;  and 
if  there  is  not  an  aperture  in  the  shutters,  then  bore  a  liltia 
one.  Hold  a  prism  ats  short  distance  from  the  aperture,  so  as 
to  allow  the  slender  stream  of  sunlight  to  pass  through  and  be 
decomposed  by  it ;  when,  instead  of  a  Utile  round  spot  on  the 
opposite  wall  of  the  room,  an  oblong  image  wiil  be  displayed, 
consisting  of  the  seven  colors  of  the  rainbow,  red,  orange,  yel- 
low, green,  blue,  indigo,  and  violet.  This  image  is  called  the 
solar  spectrum. 

If  the  hole  in  the  shutter  is  exceedingly  small,  and  no  piism 
is  employed,  then  only  four  Colors  are  evident;  and  these  are 
red,  green,  yellow,  and  violet. 

The  above  experiments  show,  by  decomposition,  that  light  is 
•f  a  compound  nature;  and  to  confirm  them  it  is  only  neces- 
sary to  re-compose  the  seven  colors,  and  produce  the  pure  sun- 
light effect,  as  follows  : — 

Talie  another  prism  corresponding  in  every  respect  with  the 
first,  and,  placing  them  both  together,  ao  as  to  form  a  parallelo- 
gram,  the  seven  raya  will  lie  reunited,  and  form  a  single  spot 
of  light. 

In  concluding  this  brief  sketch  of  (he  nature  and  properties 
of  light,  it  will  be  as  well  to  notice  the  structure  of  the  human 
eye,  the  organ  hy  which  the  glorious  works  of  the  all-wise 
Creator  are  observed  and  impressed  upon  our  minds.  The 
human  eye  Is  formed,  eilernnlly,  by  a  hard  membrHne  termed 
tj]8 
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tliB  aderotic  coat,  or  commonly  the  v/hiU  of  the  egf  ;  in  the  fore- 
pare  of  this  coat  there  i»  an  opeaing  called  Ihc  comfii,  from  its 
reaerobUnoe  in  texiure  lo  polished  born;  the  interior  of  the 
eye  is  lined  with  a  fine  membrane,  the  choroid,  which  round  the 
cornea  ia  tVinged  by  the  ciliary  proeessa,  behind  the  tri<; 
through  (he  centre  of  the  latter,  oi  the  pupil,  the  rays  of  light 
pass  into  the  chamber  of  Ihe  eye  The  ■.Tyttalline  hvmor  ox 
lens,  which  is  in  form  like  a  doubly  conTei  ieni  is  situated 
wuong  tho  cmary  proopssei,  and  is  the  immediate  instrument 
of  TJsion,  aa  it  conveys  the  light  from  the  pupit  to  a  focua  at 
the  back  of  the  eye  A  delicate  membrane  called  the  retina, 
which  is  an  expansion  of  the  optic  nerve,  linei  the  back  of  the 
eye,  and  receives  the  images  of  every  object  from  the  crystal- 
line lens,  in  most  eiquisile  perfection  and  most  exact  propor- 
tion. There  are  two  humors  for  preserving  the  globular  shape 
of  the  eye.  the  agaeoua  and  the  vitreous;  the  aqiiirous,  as  its 
name  implies,  ia  perfectly  limpid,  and  is  before  the  lens,  imme- 
diately under  the  cornea;  the  vitreous  fills  the  large  cavity  of 
Ihe  eye,  to  which  it  gives  the  globe-like  form,  and  receivea  its 
appellation  from  being  enclosed  ih  a  transparent  spongy  struo- 
lEire,  so  as  to  resemble,  in  some  degree,  molten  glass. 

The  eye  is  in  effect  a  camera  obscura,  in  whieii  the  refracted 
light  gives  a  very  small  but  brilliant  .     -         - 

objects. 


Take  a  large  conical- shaped  drinking-glaes,  and  put  a  shil- 
ling into  it,  and  fill  it  about  half  full  with  water.  Put  a  plate 
upon  the  top  of  the  glass,  and  turn  it  very  quickly  over,  so 
thdt  the  water  may  not  escape,  and  a  piece  of  silver  as  large  as 
half  a  crown  will  immediately  appear  in  the  plate,  and  some 
little  way  up  the  glass  another  piece  will  present  itself,  about 
the  size  of  a  shilling.     This  efCevt  is  caused  by  refraction. 


The  Thaumatiope  is  an  eiceedingly  amusing  toy  of  very 
■iiuple  construction  and  pleasing  effect.  It  is  made  in  tJie 
following  manner.  Cut  out  a  circular  piece  of  cardboard,  and 
affix  to  it  ail  pieces  of  string,  three  on  each  side,  as  delineated 
in  the  margin.  Paint  on  one  side  of  the  card  a  bird,  and 
on  Ihe  other  a  cage,  being  particularly  careful  to  draw  Ihem 
upaide-down  to  each  other,  otherwise  the  desired  effect  nill 
not  he  produced.  When  shoifing  the  toy,  take  hold  of  ihe 
centre  strings  hctween  the  forefingers  and  ihumb  of  each  hand, 
(lose  to  the  card,  and  twiKl   or  Iwiil  the  card  rapidly  round. 
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and,  lo!  tlie  bird  will  appeiir  snugly  ensconced  in  its  ei\fe 
The  principle  on  which  tbiii 
pleasing  toy  acta,  ia,  thai 
the  imnge  of  any  object  re- 
ceived on  tlie  retina  or  optic 
norre.  which  ia  at  the  back 
of  the  eye,  is  retained  in  the 
eye  for  ^bout  eight  seoonds 
Fig,  65.  after  tiie  object  canaing  the 

impression  is  withdrawn; 
«onaequenl1y.  the  impression  of  the  painting  on  one  side  of  the 
card  14  not  obliterated  ere  tbe  painting  on  the  other  side  ia 
brought  before  tbe  eye,  and  it  therefore  follows  that  botli  sides 
are  seen  at  once.  The  anbjecla  anited  to  the  Thaumatrope  are 
very  varied.  Among  others,  the  following  are  well  calculated 
for  display  ;  a  juggler  throwing  up  two  balls  may  be  drawn  on 
one  side  of  a  card,  and  two  balls  only  on  the  other,  and,  accord- 
ing to  the  pairs  of  Btringa  employed,  he  pill  seem  to  toss  two, 
Ihree,  or  four  balla;  the  body  and  legs  of  a  man  on  one  side, 
and  hia  head  and  arms  on  the  other ;  n  candle  and  its  flame ;  a 
mouse  and  a  trap;  and  a  horse  and  hia  rider:  this  last  ia  a 
*erygood  one,  aa  by  using  the  different  pairs  of  strings  the 
relative  positions  of  man  and  burse  may  be  varied  most  aingu- 


dually 
agar. 

lenglh. 


its  principle  resem- 
i(B  effect  depending,  like  that,  upon  the 
continuance  of  the  image  of  an  object 
upon  the  retina.  It  consists  of  a  disk 
made  of  stout  cardboard,  upon  which, 
toward  the  edge,  a  series  of  figures  in 
eight  or  ten  different  positiona  ia 
painted;  thus,  if  it  be  wished  to  produoii 
the  illusion  of  a  man  running,  the  first 
position  should  be  quiescent,  standing 
upright,  the  lecond  advancing  forward  a 
little,  (be  third  stepping  out  still  more, 
and  90  on  to  the  sixth  figure,  whicli 
"**' "''  should  be  drawn  aa  if  running  at   full 

the  remaining  attitudes  should  show  tbe  person  gra- 
returning  to  (he  lirst  quiet  attitude.  Between  each 
1  slit  must  be  made  about  three-quarters  of  an  inch  in 
and  a  quarter,  or  less,  in  width,  running  in  a  parallel 
m  wilh  the  radii  of  the  disk,  anit  extending  to  an  equal 
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distance  from  tbc  cenlrc.  as  in  tbe  illustration.  Tlie  dislc  tibea 
completed  shiould  be  put  upon  a  handle,  as  in  tlie  annexed 
figure.  Mo.  I  sliowa  a,  little  nut,  wliicli  must  be  unscrewed  ere 
the  disk  can  be  plticed  an  its  axis,  and  nliich  keeps  it  in  its 
proper  place,  so  thitt  it  ounuot  lean  forward  and  spoil  the  ex- 
periment; 2  is  the  disb,  and  3  is  a  nut  fixed  to  the 
aiis  by  which  the  rotatory  morion  is  given  to  the  disk.  ; 

When  trying  the  effect  of  this  instrument,  stand  before 
a  looking-glass,  and  hold  the  painted  face  of  the 
machine  toward  the  glass;  cause  it  to  rcTolye  on  its 
axia,  and  look  through  the  slits,  -when,  instead  of  be- 
holding a  mass  of  confusion,  as  might  naturally  be  ex- 
pected, and  as  would  undoubtedly  be  the  case  were 
the  disk  viewed  in  the  ordinary  way.  tije  iigurea  will 
seem  to  be  running  as  fast  as  possihie,  and  with  very 
natural  movements,  their  velocity  being,  of  course,  pro- 
portioned to  the  rate  at  which  the  disk  is  impelled. 
The  number  of  suli^eets  adapted  for  this  species  of  ex- 
hibition is  considerable,  and  if  they  are  well  drawn 
they  may  be  made  the  source  of  much  merriment. 
Especial  care  must  be  taken,  when  drawing  them,  to  Fig.  65. 
make  the  figures  correspond  exactly  with  each  other 
In  shape  and  depth  of  tone,  as  much  of  the  good  effect  of  the 
display  depends  upon  their  accuracy  in  these  particulars. 


Faraday  has  shown  that  if  two  equal  cog-wheels  be  cut  oui 
of  cardboard,  placed  upon  a  pin,  nnd  turned  round  with  equal 
velocity  in  opposite  directions,  instead  of  producing  a  hazy  tint, 
as  one  wheel  would  do.  or  even  as  the  two  would  if  revolving 
in  the  same  direction,  there  is  presented  an  extraordinary 
appearance  of  a  fixed  wheel.  Again,  if  one  moves  somewhat 
faster  than  the  other,  then  the  spectral  wheel  appears  to  move 
slowly  round ;  if  the  cogs  be  cut  slantwise  on  both  wheels,  the 
spectral  wheel,  in  like  manner,  exhibits  slant  cogs  ;  but  if  one 
of  the  wheels  be  turned  so  that  (he  cogs  shall  point  in  opposite 
directions,  then  tbe  spectral  wheel  has  straight  cogs.  If 
wheels  with  radii  or  arma  be  viewed  when  moving,  then  similar 
optical  deceptions  appear ;  and  though  the  wheels  move  ever 
BO  fast,  yet  tbe  magic  of  a  fixed  wheel  will  be  presented, 
provided  they  move  with  equal  velocities.  If  they  overlap 
each  other  in  a  small  degree,  then  very  curious  lines   will  be 


Perhaps   the   most   striking  deceptio 


ic  the  following.     A 
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edges ;  a,  little  nearer  tha  cenfve  is  a  series  of  apertures  rt- 
eembling  the  cogs  in  arrangement,  but  not  the  Bimeinnumher; 
and  atill  nearer  the  centre  is  another  aeries  of  apertvirea,  dif- 
ferent in  number,  and  varying  from  the  former.  When  this 
wheel  ii  filed  upon  an  asle,  its  face  held  two  or  three  yards 
from  an  iliuminated  mirror,  and  npdn  round,  the  cogs  disap- 
pear, and  a  grayish  belt,  three  inches  broad,  becomes  visible; 
but,  on  looking  at  the  glass  through  the  moving  wheei,  appear- 
ances entirely  oiianga  ;  one  row  of  cogs  appears  aa  filed  as  if 
the  wheel  were  not  moving,  while  the  other  (wo  give  an 
opposite  result :  ahifling  the  eye  a  little,  olher  and  new  ap- 
pearances are  produi-ed. 

With  the  two  wheels  mentioned  in  the  first  experiment,  if 
only  one  is  turned  in  the  sunlight,  »  shadow  cnrrehponding  to 
its  appearance  will  be  produeed;  but  if  both  are  turned  in  op- 
posite directions,  the  aliadow  is  no  longer  uniform,  but  has  light 
and  dark  alternnlely,  and  resembles  the  shadow  of  a  fixed  wheel. 


Put  on  a  piece  of  white  paper  a  circular  piece  of  blue  silk, 
of  about  four  inches  diameter;  next  place  on  the  blue  silk  a 
circular  piece  of  yellow,  of  three  inches  diameter ;  on  that  a 
circle  of  pink,  two  inches  in  diameter  ;  on  that  a  circle  of  green, 
one  inch  in  diameter;  then  one  of  indigo,  half  an  inch  in 
diameter;  and  finish  by  making  a  small  speck  of  ink  in  the 
centre.  Place  it  in  the  sunshine,  look  on  the  central  point 
steadily  for  a  minute  or  two,  and  then,  closing  your  ejes,  and 
applying  your  hflJid,  at  about  an  inch  from  them,  so  as  to  pte- 
vent  too  much  light  tVom  passing  through  the  eyelids,  you  will 
see  the  moat  beautiful  circles  of  colors  the  imagination  can  con- 
ceive, differing  widely  from  the  colors  of  the  silks,  and  also 
adding  («  the  richness  of  the  experiment  by  changing  in  kaleldo- 
Bcopio  variety. 


Give  a  ring  to  any  person,  or  put  it  at  a  little  distance,  in 
«uch  a  position  that  the  plane  of  it  shall  be  turned  toward  his 
face,  and  then  desire  him  to  shut  one  of  his  eyes  and  endeavor 
to  push  a  crooked  stick  through  the  ring :  to  his  surprise,  he 
will  seldom  succeed.  The  reason  is  evident:  being  unaccus- 
tomed to  use  one  eye  only,  he  cannot  judge  of  the  distance 
lorrectly,  and,  of  course,  errs;  but  a  person  having  only  one 
tye  would  not  fail  of  achieving  the  trick. 
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Make  a  small  bole  in  a.  stout  piece  of  pasteboard,  and  ae<  the 
piece  upright  on  a  table  iu  front  of  two  or  three  cundles  p'a,ced 
near  together  ;  la;  a  aheet  of  paper  on  the  table,  and  the  rays 
from  the  different  caudles  passing  through  the  hole  will  form 
ae  many  spots  of  tight  as  there  are  caadles,— each  spot  being 
perfect  and  distinct.  This  eiperimeut  proves  that  the  rays  of 
light  do  not  obstruct  each  other  in  tieir  progress,  although  ali 
cross  in  passing  through  the  hale. 
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ELECTRICITY,    GALVANISM,     AND 

MAGNETISM. 


The  primary  object  of  (he  Tery  elemenlary  scieolific  arlioleii 
in  this  work  is  to  oiejte  curiosity  in  the  joulhful  mind,  so  aa  to 
induce  a  desire  to  read  and  study  more  extended  and  complete 
works  on  the  various  suhjeets  to  which  (hey  relate.  The  vast 
increase  of  knowledge  derived  from  actual  eiperimenta  with 
electricity,  miignetiam,  and  electro- magnet  ism  precludes  the 
idea  of  giving  a  complete  description  of  all  tlie  varied  pheno- 
mena in  these  branches  of  the  science  :  brevity  and  f^implioity 
have  therefore  been  specially  studied  in  the  following  eiperi- 
mcnts,  which  may  be  very  appropriately  prefaced  with  n  glance 
at  the  historical  connections  of  these  imponderable  agents. 

The  eiact  nature  of  Elictbicity  has  not  been  ascertained; 
but  it  ia  considered  a  highly  subtle  and  elastic  fluid,  lis  name 
is  derived  from  the  Greek  word  eiiclron,  signifying  amber,  on 
wliioh  aubatance  some  of  ita  effects  were  first  observed.  The 
same  of  the  peisoii  to  whom  we  owe  the  earliest  notice  of  the 
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property  of  amber,  when  rulilied,  to  attract  and  repel  liglit 
bodiea.  has  not  been  handed  down  to  posterity ;  but  it  is  Biud 
that  Thales.  a  philosopher,  born  at  Miletus  in  Asia  Minor,  wha 
fluurlslied  600  years  before  Christ,  and  was  considered  one  of 
the  first  of  the  seven  sages  of  Greece,  described  this  remarkabla 
phenomenoD.  It  was  also  mentioned  by  another  Greek  author, 
S21  years  n.c. ;  but  the  ancients  did  not  profit  by  the  discovery, 
and  the  gleanings  of  tlie  science  were  very  feeble  until  the  six- 
teenth century  of  our  era.  when  Dr.  Gilbert  of  Colchester  ap- 
plied the  principles  of  philosophical  investigation  to  the  obser- 
vations of  the  ancients. 

Elrotricity  is  one  of  the  most  active  principles  in  nature- 
It  exists  in  all  bodies,  and  is  exhibited  by  various  means, — one 
of  which,  and  the  most  generally  empluyed,  is  ftiction.  Some 
substauces,  suck  as  soot,  charcoal,  iron,  gold,  silver,  copper, 
and  other  metals,  wftter,  &c.,  are  called  good  coadaclori,  be- 
cause they  transfer  with  great  facility  to  other  bodies  tJie 
electric  fluid,  which  glides  over  their  surf^ioes  irith  the  velocity 
of  light;  whilst  others,  such  as  silk,  wool,  hair,  feathers,  dry 
paper,  leather,  glass,  wai,  &o.,  are  called  non-conduclora,  be- 
cause they  resist  the  progress  of  the  fluid,  which  accumulates 
all  the  time  the  friction  conlinnes.  It  is  from  tliese  media  that 
the  usual  phenomena  of  frictional  electricity,  as  exhibited  in 
the  eEperinients  which  we  shall  hereafter  describe,  are  obtained. 
Its  elfects  are  felt  in  almost  every  part  of  nnture ;  the  awful 
lightning  is  the  eihibition  of  the  electric  fluid,  which  accumu- 
late* in  the  clouds,  and  which  is  discharged  when  the  heavy 
lurid  uuisses  come  in  contact  with  each  oilier ;  the  mysterious 
sweeping  wiiirlwind.  the  terrific  rising  and  rolling  of  the  sand 
in  the  desert  wjlda  of  Africa,  the  waterspouts,  and  the  beauti- 
ful aad  evanescent  aurora  borealis  of  the  northern  climes,  are 
ftmong  a  few  of  Ihe  eS'ects  attributed  to  it. 

The  nest  branch  of  the  science  of  electricity  is  Qaltamism, 
or,  as  it  is  sometimes  called.  Voltaic  Electricity :  it  is  obtained 
chiefly  by  chemical  notion,  and  is  said  to  have  been  first  dis- 
covered at  Bologna  in  the  year  1791,  by  the  lady  of  Louis  Oal- 
vaiii.  an  Italian  philosopher  of  great  merit  and  professor  of 
anatomy,  and,  indeed,  from  whom  the  science  received  its  name. 
His  wife,  being  possessed  of  a  penetrating  understanding  and 
passionately  loving  him,  took  a  lively  interest  in  the  science 
which  so  much  occupied  his  attention.  At  the  time  the  inci- 
dent we  are  about  to  narratetook  plaoe,  she  was  in  a  declining 
state  of  health,  and  using  soup  made  of  frogs  by  way  of  resto- 
rative. Some  of  these  animals,  skinned  for  the  purpose,  hap- 
pened to  be  lying  on  the  lable  of  his  laboratory,  where  also 
ttood  an  electrical  machine:  the  point  of  a  knife  was  uninteu- 
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tionally  brouglit  into  Contact  with  the  nerves  of  one  of  tin 
ftog'H  legs  which  lay  close  to  the  conductor  of  the  machine,  and 
immediately  the  muscles  of  the  limb  were  violently  agitated. 
Madame  Galvani,  baring  observed  the  phenomenon,  instantly 
informed  her  busbuad  of  it,  and  this  incident  led  fo  the  experi- 
ments and  intet^ating  discoveries  which  will  transmit  his  name 
to  the  luteal  posterity.  It  is  proper  to  state  that  this  somewhat 
romantic  story  is  denied  by  some  historians  of  the  science. 

The  uaes  of  galtanic  or  voltaic  electricity  for  scientilio  pur- 
poses are  incalculable,  and  ita  phenomena  are  so  various  and 
eitraordinary  as  to  render  the  study  of  this  science  eiceed- 
ingly  interesting.  By  means  of  a  galvanic  battery  snbslancea 
are  decomposed,  colors  changed,  water  is  decomposed,  and 
(notion  ia  given  to  lifeless  bodies. 

The  eiperimonts  we  give  on  galvanism  show  the  effect  of  the 
combination  which  forms  what  is  called  a  simple  galvanic  circle, 
by  means  of  two  metals,  sine  and  silver,  or  zinc  and  copper, 
and  water  mixed  with  sulphuric  acid. 

Galvanic  action  is  always  accompanied  by  chemical  action; 
and  all  that  ia  necessary  to  disturb  the  galvanic  or  voltaic 
electrici'y  is  to  unite  two  metala  together,  and  subject  them  to 
the  action  of  a  fluid  which  will  act  chemically  upon  one  of  them 
more  powerfully  than  upon  the  olher, 

A  galvanic  circle  may  also  be  formed  of  one  meta!  and  two 
fluids  which  have  a  different  action  upon  the  metal  employed, 

Maqnetish  is  probably  some  modification  of  electricity :  at 
least  there  ia  aufficient  evidence  that  these  causes  are  inti- 
mately connected,  if  not  identical ;  but  philosophers  are  as  yet 
ignorant  of  its  nature.  It  is  equally  unknown  the  esact  time 
when,  and  the  country  where,  the  property  of  the  magnet  was 
first  considered.  The  Greeks  of  the  time  of  Pythagoras  were 
acquainted  with  its  property  of  attracting  metals.  It  was  also 
familiar  to  (he  Arabs  and  the  Indians,  and  the  Chinese  from 
the  earliest  ages  have  known  its  polarity  or  directive  power,  the 
needle  being  employed  among  them  one  thousand  years  before 
Christ  to  direct  travellers  by  land.  In  Europe,  a  Neapolitan, 
named  Flavio  GioJa,  who  lived  in  the  thirteenth  century,  has 
been  regarded  by  many  as  the  inventor  of  the  mariner's  com- 
pass ;  but  it  was  in  use  in  the  eleventh  i;entury  in  Iceland,  as 
is  confirmed  by  the  historian  Arc  Frode,  who  wrote,  about  tiat 
time,  the  history  of  the  discovejy  of  his  country,  and  who 
speaks  of  the  mariner's  compaa)<  in  very  definite  terms,  and 
thus  indirectly  shows  that  it  was  employed  or  invented  nearly 
as  early  as  the  tenth  century. 

The  property  designated  by  the  word  "magnetism"  is  found  in 
«n  iron-ore  of  a  certain  composition,  and  of  a  dark-gray  color 
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anil  peculiar  lustre.  Tliis  ore  aloue  ifl  the  natural  looal  habi- 
iation  of  magnetism,  whilst  olhers  are  subject  to  its  influeuce 
or  attracted  by  it. 

This  singular  property  of  the  loadstone  is  imparted  to  iron 
and  steel  by  rubbing  and  keeping  them  close  together  for  some 
length  of  time.  The  steel  retains  the  magnetic  pHnciple  per- 
Diauently;  but  iron  loses  the  power  as  soon  as  it  is  separated 
from  the  magnet.  The  steel  thus  prepared  acquires  the  same 
directive  and  attractive  power  as  the  loadstone  or  natural  mag- 
net, and  is  employed  for  purposes  of  the  utmost  importance. 

We  proceed  to  give  the  youthful  amateur  the  opportunity  of 
Biemplifying  the  principles  of  electricity,  galvanism,  and  mflg- 

t         by  1  '  t        ting  and  simple  experiments. 


d  th  t 


f  electrical  action,  rub  a 
ion    the    coat-slee*e,   and 
1     warm    by  the    friction 
tlra  t    I  ght  b  a  h  as  straws  or  small  pieces 

f  p  p         If        1    n  gl  sa  tube  be  rubbed  several 
times  through         Ik  leather  cloth,  and  preaented 

to  any  small  substances,  it  will  immadialaly 
or  repel  them-  and  if  a  poker  suspended  by  a  dry 
silk  string  be  presented  to  its  upper   end,  then  the 
lower  end  of  the  poker  will  eshibit  the  same  phe- 
nomena BB  the  tube   itself, — which  sliows   that  the 
electrical  fluid  passes  through   the   metal.     But  if 
for  a  metallic  body  a  stick  of  glass  or  sealinc-wai 
be  substituted,  these  phenomena  will  not  ■ 
which  proves  that  the  electrical  fluid  does 
through  these  substances. 

By  this  it  will  be  perceived  that  besides! 
called  electrics,  there  is  another  which  we 
call  conductors.  These  bodies  cannot  be 
eicited  themselves  but  have  the  power  of 
transmitting  the  electric  fluid  through 
them.  These  budies  comprise  all  the 
metals,  some  metal  and  metuUic  ores  ;  the 
fluids  of  animal  bodies,  water,  and  other 
fluids,  eieept  oil,  ice,  snow,  earthy  sub- 
When  any  electrifled  conductor  is  wholly 
surrounded  by  non-conductors,  so  that  the 
electric  fluid  cannot  pass  from  the  conduc- 
tor along  conductors  to  the  earth,  it  is  said 
to  be  insulated  ;  thus,  the  human  body  is  a 
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conductor  of  electricity ;  but  il'  a  person  "landing  on  a  glasii 
Btool  (aa  represeoteil  ia  the  dr*,wing|  Ll  i,harged  with  elto 
tricky,  the  electric  fluid  cannot  pass  fiom  him  to  the  earth, 
anil  he  is  said  to  be  potithidy  eUctr^ed  bcuausB  he  has  more 
than  his  natural  eiiari  h  a  als  ntulated  and  if  he  be 
tonihedbj  another  person  a  and  ngon  he  ground  sfarks  will 
beeihibited  at  the  poin  f  nta  wh  re  also  the  person 
touching  will  feel  a  pricking     a  a 


In  ordfflr  to  illustrate  e  ma       facta  in  this  aiienoe, 

character,  attention  must  be  directed  to  th« 
figure  A  B.  which  is  a  metal  stand ;  c  is  a 
small  piece  of  cork  or  pith,  which  is  suspended 
from  the  hook  by  a  dry  silken  thread.  Having 
rubbed  an  electron,  as  a  dry  rod  oi'  glass,  and 
presented  it  to  c,  the  ball  will  be  instanta- 
neously attracted  to  the  glass  and  will  adhere 
to  it.  After  remaining  in  contact  for  a  few 
seconds,  if  the  glass  be  withdrawn  without 
being  louched  by  the  fingers,  and  again  pre- 
sented to  the  ball,  (he  \aller -nAl  be  repelled, 
inateitd  of  attracted,  as  in  the  first  instance. 
By  being  louolied  with  the  finger,  the  ball  can 
•'s  depriTed  of  its  electricity,  and  if  after  this 
has  been  done  we  present  a  piece  of  sealing- 
was  in  place  of  the  glass  formerly  employed,  the  very  same 
phBaomena  will  lake  pUce,  On  the  first  npplication  the  ball 
will  be  allracled,  and  on  the  second  repelled. 

Before  the  young  reader  can  perform  any  very  important 
experiments  with  electricity,  he  must  become  possessed  of  an 
BLKCTBICAL  MACHINE,  Which  is  BK  instrument  contrived  for  the 
purpose  of  rubbing  together  the  surfaces  of  electrics  and  non- 
electrics.  They  generally  consist  of  a  cylinder,  or  plate  of 
glass,  and  a  piece  of  silk  for  it  to  rub  against,  covered  with  an 
amalgam,  the  method  of  preparing  which  we  shall  hereafter 
describe. 


It  is  very  easy  to  make  a  glass  machine  of  the  cylindrical 
rorm,  if  the  mater  cannot  afiord  to  buy  one.  First  procure  a 
common  wine-bottle  of  good  dimensions  and  thickish  glass. 
Prill  a  hole  through  its  bottom,  by  igaiting  a  piece  of  worsted 
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lied  round  it  dipped  in  turpentine,  which  will  do  this.  Through 
this  hole  and  the  mouih  pnss  a,  spindle,  as  represented  in  the 
cut.  The  end  gf  E  should  be  squared  to  fii  a  handle  on,  and 
the  spindle  should  be  fiied  firmly  in  the  bottle.     The  bottle  ia 


then  lo  be  fixed  in  a  frame  in  i 
of  the  spinJle  passes  through 
at  c  has  the  handle  for  turning 


Nejtmnke  a  cushion  of  wash-leather  stuffed  with  i 
■<»stened   to  the  top  of  a  frame  of  the  following  figui 
frame  ia   to   be   of  such  a   height   that  the 
cushion  shall  press  ag:tinst  the  sides  of  the 
bottle,  and  a  piece  of  black  silk  is  sewn  on  to 
the  top  of  the  ousliion,  and  hangs  over  the 
bottle   ».     The   cushion   should  be  smeared 
wilh  an  amalgam,  formed  by  melting  together 
in  the  bowl  of  a  tobaceo-pipe  one  part  of  tin 
with  two  of  zinc,  lo  which,  while  fluid,  should    j, 
be  added  aii  parts  of  mercury.     These  should 
be  stirred  about  till  quite  cold,  and  then  reduced  to  a  fin 
der  in  a  mortar,  and  miied  with  a  sufficient  quantity  of 
form  a  thickish  paste.     When  all  ia  done,  the  machine  ' 


The  eleotrioily  being  generated  by  the  friction  produced  be- 
tween the  rubber  and  the  bottle  from  the  motion  imparted  by 
Ihp  handle,  it  is  neceaaarj  to  draw  it  off  for  use,      Thia  ia  per 
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formed  by  whnl  is  called  a  conductor.  This  is  rosde  in  ths 
following  manoer.  At  right  angles  to  one  end  of  a  cylinder  of 
vood  nbout  two  inches  and  a  hulf  in  diameter  and  Eix  inches 
long,  fix  a  small  wooden  cylinder  about  three- quarters  of  an 
inch  in  diameter  and  three  inches  long,  rounded  at  both  ends. 
The  other  end  of  the  larger  cylinder  is  also  lo  be  rounded. 
Cover  the  nhole  with  tinfoil,  and  mount  it  on  a  stand  on  a 
glass  rod.  When  used,  it  is  to  be  placed  with  the  e^en  piece 
in  a  line  even  with  and  abont  Lalf  an  inch  from  the  bottle,  and 
it  should  be  of  t<urh  a  he  ght  as  o  con  e  j  st  below  the  silk 
appon.  Whe  t  s  w  shed  to  cl  a  ge  a  Leyden  jnr,  it  is  to  be 
placed  at  the  lo  nd  end  of  he  co  du  tor  By  liieee  simple 
means  a  grea  var  ety  of  p  ea  ng  exper  ments  may  be  per. 
formed;  but  to  show  tho  Tar  ua  pi  enomeua  connected  with 
this   interest  ng  study    we     hall        w   des  r  be  an   electrical 

uients  with  it 


ma  Ii  ne  wjs  made  In  Ihe  form  of 
ft  ctI  nder  but  now  t  consists  of  a 
pla  e  A  as  teen  n  Ihe  engraTing. 
The  ]  la  e  si  rne  1  by  the  handle 
r  h  ough  he  rubber  B  B,  which 
d  flusea  the  esc  lement  over  the  glass 
The  po  n  s  or  balls  at  each  side  of 

of  po  ve  elec  r  o  y  lo  the  prime 
conduc  or  c  Noga  ve  electricity  is 
generated  by  insulating  the  conduc- 
tor to  which  the  cushion  is  attached, 
and  continuing  the  prime  conductor 
into  the  gronnd,  so  as  to  carry  off 
the  Quid  collected  from  the  plate. 


If  the  person  who  worlta  the  machine  be  supported  on  a  stool 
having  gliisa  legs  and  connected  with  the  conductor  by  meana 
of  a  glass  rod,  ihe  electricity  will  pass  from  the  conductor  to 
him,  and,  as  it  cannot  get  away,  owing  to  the  glass  on  which  bo 
elands  being  a  non-conductor,  any  person  on  touching  hfm  can 
draw  the  electricity  from  him,  which  will  exhibit  itself  in  small 
tparlis  as  it  passes  to  the  person  who  tenches  him.  If  touched 
•n  the  nose,  sparks  of  fire  will  issue  from  it. 
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k  most   useful   piece  of  electrical   apparatus  is  called  the 
Lrfvden  ia,!",  here  represented.     It  ia  employed  fur  the  purpose 
of  obtaining  a  quantity  of  electriolly,  which  ia:ij  be  applied 
to   auy   substanoe.     It   consists   of  a   glass 
jar,  coated  both   inside  and  without.  Jour- 
fifths  01  the  way  up,  with  tinfuil.     A  knob 
rises  through  a  wooden  top  communloaling 
with   the  inside  of    the    jar.     When   it  ia 
wished  to  charge  the  jar,  fhia  knob  is  ap- 
plied to  the  prime  conductor  of  the  eleotrieal 
machine  when  in   action,  and,  a  quantity  of 
electricity  being  given  off,  the  jar  will  re- 
main charged    with    it    till  a  connection  is 
made  by  some  good  conductor  of  electricity 
between  the  knob  and  the   outside   tinfoil, 
A  piece  of  brass  chain  must  hang  from  the   ^ 
stem  that  carriea  the  knob  and  connect 
with  the  interior  of  the  jar. 


THB    KLKCTEICAL    B 

If  several  of  these  jars  be  united,  an  enormous  quantity  of 
electricity  can  ha  collected;  but,  in  arranging  ihem.  all  the  in- 
terior coatings  must  be  made  to  communicate  by  metallic  rods, 
and  a  similar  union  muat  be  effected  among  the  exterior  coat- 
ings. When  thus  arranged,  the  whole  series  may  be  charged 
as  if  they  formed  but  one  jar. 

For  the  purpose  of  making  a  direct  communication  between 
......   _. ..: 1  „  jgj  0^  battery  by  which  a  dia- 


1  instrument  called  a  discharging  rod  is 
ts  of  two  bent  metallic  rods,  terminating 
oil 
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at  one  end  by  brass  balla,  and  connected  at  inother  by  ft  joinl 
which  is  lixed  to  the  end  of  a  glSiSS  handle,  and  which,  acting 
like  a  pair  of  compasses,  allows  of  the  balls  heing  separated  at 
certain  distances.  When  opened  to  the  proper  degree,  one  of 
th.e  balls  is  made  to  touch  the  exterior  coating,  and  the  othev 
ball  is  then  brought  into  contact  with  the  knoh  of  the  jar,  when 
a  discharge  is  effected;  while  the  glass  handle  secures  the  per- 
son holding  it  from  the  effects  of  the  shock. 


Fig. 


prime  conductcr  by  a  chain,  and  let  it  hang  about  two  or  three 
laches  from  the  knob.  Place  Borne  pith-balls  upon  the  bottom 
piece  of  wood  n,  and  bring  it  under  the  othei  Immediately 
this  is  done,  and  the  upper  piece  is  charged  by  elootrio  ty  ftom 
the  machine,  the  pith-bolls  will  jump  up  and  down,  and  from 
one  to  the  other,  with  great  mpidity.  If  some  ol  the  pilh  be 
formed  into  little  figures,  they  will  also  danne  and  leip  about  in 
the  most  grotesque  manner.  The  sflrae  may  be  made  tn  dance 
by  merely  holding  the  insde  of  a  dry  glass  tumbler  to  the  pnme 
conductor  for  a  few  minntes,  while  the  machine  is  in  action, 
and  then  whelm  it  prer  them,  when  they  will  jump  about,  to 
the  no  small  astonishment  of  the  spectators,  as  the  cauoe  of 
their  motions  is  not  quite  so  apparent. 


This  amusing  experiment  is  performed  by  means  of  the  elec- 
trical stool.   Let  any  lady  challenge  a  gentleman  not  acquainted 
with   the   experiment   to   faror  her  with  a  salute.     The  Ifidy 
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thereupon  mounts  the  glass  stool,  and  takes  hold  of  a  chain 
connMled  with  tbe  prime  conductor.  The  machine  being  (hen 
put  iu  motion,  the  gentleman  approaches  the  lady,  and  imme- 
diately he  attempts  to  imprint  the  seal  of  soft  affection  apon 
her  coral  lips,  a  spark  will  fly  in  hia  face,  which  generally  de- 


Bells  may  be  made  to  ring  by  electricity 
manner.  Let  three  small  bells 
be  suspended  from  a  braes  wire 
n  1),  and  supported  by  a  glass  pil- 
lar A,  passing  through  bell  h  Io 
the  bell  e.  The  electrical  appa- 
ratus being  attached  to  the  knob 
E,  the  eleclricitj  passes  down 
the  wires  d  d  to  the  bells, 
which  are  then  positively  elec- 
trifled  and  attract  the  clappers 
c  c,  that  are  negatively  so,  in 
consequence  of  being  insulated 
by  the  silken  strings,  which  are 
not  conductors.  The  bells  there- 
fore attract  the  clappers  till 
tliey  are  charged,  when  they  strike  against  the 
discharge  themselves,  and  thus  a  peal  is  rung 
uitil  the  electricity  is  driven  off. 


This  may  be  shown  in  a  variety  of  ways.  The  subjoined 
machine  will  exhibit  the  principle  upon  which  many  ingenious 
toys  may  be  made  by  the  young 
philosopher.  In  the  figure,  a 
is  a  wooden  board  or  aland, 
B  B  B  B,  four  pillars  having 
fine  wires,  c  c,  stretched  above. 
On  these  rest  the  rotatory  wire  Fig,  70. 

or  wheel  r,  having  its   points 

turned  the  reverse  ways.  By  means  of  a  chain  attached  to  tbe 
conductor,  and  to  the  instrument  at  b,  the  electricity  passes 
over  the  pillar  n,  up  the  wire  c,  into  the  wheel,  and  off  at  the 
points,  which  causes  it  to  be  turned  round  on  an  inclined  plaue 
tillitreacbes  the  top. 
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While  a  person  is  on  the  eleetricri 
stool,  if  he  be  oliarged  with  much  eleo- 

A  wooden  head — not  your  own,  biif  a 
real  wooden  head,  with  a,  wig  of  stream- 
ing hair,  and  a  handsome  face  to  corre- 
spoad — may  be  made  in  the  following 
form,  with  a  wire  in  the  neck  to  sup- 
port it  by,  and  fised  in  the  conductor  of 
an  electrical  machioe.  When  this  la  put 
in  motion,  the  hair  will  rise  up  aa  in  the 
figure,  to  astonish  even  those  who  ara 
seldom  astonished  by  or  deterred  f.'oji 
any  thing. 


erected  two  uprights,  n  b  ;  c  c  are  two  small  pulleys,  over 
which  a  siliien  cord  can  pull  easily ;  e  is  anolher  silken  line 
stretched  across  from  one  upright  to  another  ;  on  these  sillten 
cords  I  wo  pieces  of  thin  cardboard,  covered  with  tinfoil,  and  cut 
so  aa  to  represent  clouds,  are  to  be  fiied  borizontally,  and 
made  to  oommunicate  by  means  of  thin  wirea,/and  ff,  one  with 
the  (lirirfe,  and  the  other  with  the  outside,  of  a  charged  jar,  n. 
Now,  by  pulling  the  loop  of  (he  ailk  line,  d,  the  cloud  I  will  be 
brought  near  (be  cloud  2 ;  continue  this  slowly,  until  the  clouds 
(which  are  furnished  with  two  small  braas  balls)  are  within  au 
inch  of  each  other,  when  a  beautiful  Sash,  strongly  resemblins 
lightning  in  miniature,  will  pass  from  one  cloud  to  the  other, 
reatoriujit  electrical  equilibrium. 
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outside  of  the  jar  may  bo  swum  in  water  tinder  the  remaining 
•iloml.^tlte  mast  being  made  of  separate  pieces,  and  but  slightly 
joined  together.  When  the  cloud  is  passed  over  the  yesael, 
the  mast  will  be  struck  and  shattered  to  pieces. 


proceed  the  vires  ii  h,  one  terminating  in  the  ball  y,  the  other 
in  the  ball  n,  to  which  are  attached  a  number  of  pith  birds  by 
silken  strings  ^  E  is  a  shelf  for  the  birds  to  rest  upon ;  c  is  iha 
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To  put  this  operation  in  motion,  the  Leyden  jar  is  to  b( 
charged  witii  elcc:rioity  by  affising  a  chain  to  the  bottom  part 
of  it,  and  connecting  it  witli  an  eleelrical  raacliine  in  the  usual 
manner,  or  by  applying  it  to  a  prime  conductor,  when  tbs 
birds  will  fly  off  the  knob  to  which  they  are  iiied,  in  conse- 
quence of  their  being  repelled.  If  the  Bporteman  aad  gun  be 
then  turned  so  that  the  end  of  his  gun  shall  touch  the  knob  r, 
an  electric  spark  will  paas  from  one  to  the  other,  a  report  will 
be  heard,  and  the  birds  will  fall  down  as  if  shot,  in  consequence 
of  the  electricity  having  been  taken  from  the  Leyden  jar. 
There  should  be  a  oommunicfttion  between  the  sportsman  and 
the  jar,  formed  of  tinfoil,  or  some  metal,  as  shown  by  the  dotted 
line  on  the  stand. 


1.  Lay  a  watch  down  upon  a  table,  nnd  on  its  face  balance 

a  tobacco-pipe   very  carefully. 
Nest  lake  a  wineglass,  rub   it 
quickly  with   a   silk   handker- 
chief,   and    hold    it   for  half   a 
lUte before  Ihe  iire;  then  ap- 
it  near  to  the  end  cf  the 
,ie,  and  Ihe  latter,  attracted 
by  the   electricity  evolved   bj' 
pj„  75.  the  friclion  and  warmth  in  the 

former,  will  immedin.lely  follow 
it ;  and  by  carrying  the  glass  around,  always  in  front  of  the 
pipe,  this  will  continue  its  rotaiory  motion,  the  waieh-glasa 
being  the  centre  or  pivot  on  which  it  acts. 

2.  Warm  a  glass  tube,  rub  it  with  a  warm  flannel,  and  Oieu 
bring  a  downy  feather  near  it.  On  the  first  moment,  of  contact 
the  feather  will  adhere  to  the  glass,  but  soon  wfter  will  fly 
rapidly  from  it,  and  jou  may  drive  it  about  the  room  hy  hold- 
ing the  glass  between  it  and  the  surrounding  olyects ;  should 
it,  however,  come  in  contact  with  any  thing  not  uuder  the  in- 
fluence of  electricity,  it  will  instantly  fly  back  to  the  glass. 

3.  A  stick  of  sealing-wax  rubbed  against  a  warm  piece  of 
flannel  or  cloth  acquires  the  property  of  attracting  light  sub- 
stances, auch  as  small  pieces  of  paper,  lint,  &c.,  if  inslaolly 
applied  at  Ihe  distance  *f  about  an  inch. 

4.  Suspend  two  small  pith  balls,  by  fine  silken  threads  of 
about  sil  inches  in  length,  in  such  a  manner  that  when  at  rest 
they  may  hang  in  contact  with  each  other:  on  applying  n 
piece  of  sealing- was  excited  as  in  the  former  experiment,  they 
will  repel  each  other.  _ 
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6.  Takp  a,  piece  of  common  brown  paper  abouf  tlie  size  of  an 
DClHvo  book,  hold  it  before  ibe  fire  till  quilc  dry  and  hot,  then 
draw  it  briskly  Quder  tlie  arm  several  times,  so  as  to  rub  it  OD 
both  sides  at  once  by  the  coat.  The  paper  will  be  found  so 
powerfully  electrical  that  if  placed  against  a  -waiuBcotted  or 
papered  wall  of  a  room  it  will  remain  there  for  some  minutes 
without  falling. 

6.  And  if,  while  the  paper  adheres  to  the  wall,  a  light  fleeej 
feather  is  placed  against  il,  it  will  be  allracled  to  Ihe  papur  in 
the  same  way  as  the  paper  is  attracted  to  the  wall. 

7.  If  the  paper  he  again  warmed  and  dravfn  under  the  arm 
as  before,  and  hung  up  by  a  thread,  attached  to  one  corner  of 
it  it  wll  hold  up  several  feathers  on  each  side  ;  should  these 
fall  off  from  different  sides  at  the  sami.  time  thej  will  cling 
together  veij  stiongly  and  if  after  a  minute  they  are  all 
shaken   off    they  will  fly  to  one  another  in  a  very  singular 

8  Warm  and  eicite  ihe  paper  a^  before  lay  it  on  a  table, 
and  place  upon  it  a  ball  made  of  el  ler  pith  about  the  size 
of  a  pea  the  ball  will  immediately  run  airoos  the  paper,  and, 
if  a  neeile  be  pointed  towxr  1  it  it  will  agiin  run  to  another 
part,  and  bo  on  for  a  considerable  time. 

9.  Support  a  pane  of  glass,  previously  warmed,  upon  two 
books,  one  at  each  end,  and  place  some  bran  undernealh  ;  then 
rub  the  upper  side  of  the  glass  with  a  black  silk  handkerchief, 
or  a  piece  of  fliinnel,  and  the  bran  will  dance  up  and  down 
under  it  with  much  rapidity. 

10.  Arrange  two  tumblers  (which  must  be  perfectly  dry  and 
warm)  on  a  table,  in  an  inverted  position  ;  bridge  them  over 
with  a  common  pane  of  window-glasB,  also  clean  and  dry.  If 
the  centre  of  the  pane  of  glass  be  rubbed  with  a  stick  covered 
with  n  silk  haadkercbief,  and  some  pieces  of  cut  paper  are 
placed  on  a  tin  box  just  under  the  glass,  they  wiil  exhibit  elec- 
trical attraction  and  repulsion. 


nothing  more  than  extended  surfaces  of  glass  provided 
mple  means  of  being  rubbed  when  turned  by  a  proper 
:  and  one  of  the  cheapest  and  _most  entertaining  in> 
3  for  obtaining  frictional  electricity  is  the  electro- 
phorus.  and  particularly  the  instrument  as  manufactured  and 
daacribed  by  Mr.  Lewis  M,  Stewart,  of  the  City  of  London 
School. 
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plate,  smartly  with  a  very  dry  piece 
of  flannel,  and  iiold  it  closely 
before  a  pith  ball  placed  on  d; 
the  pith  ball  will  be  altraoted, 
or  any  otiier  light  substance. 


Ins  the  1 
tiSml  will 

ft  kImb  li 
nA  form 


After    exciting    (he     resinona 
plale  B,  place  k  o  upon  a  (able, 

plate  A  with  the  table  d  by  meaas 

of  a  fine  wire ;  upon  touching  a 

with    the    finger,   aod    then   re- 

iDOvirg  it  from  B,   both  A  and  D 

a.       .,    1    ._^k™       ■"''•  ^^  electrified,   proyided   (he 

puie  prutided  wilt  *   ""0   wii'o  nafi   Hot    louched    (he 

lie,  nntl  wUb  with  pitb    table   or    any   other    conducting 

»  pLilf,  nlH.  pro- 
h  bill. 


convrn^oT  i«S  Connect  the  wire  wilh  the  glass 
handle  of  a,  and  proceed  as  bo- 
fore  ;  the  plate  d  will  not  be  clec- 

le  glasa.  representing  a  part   of  the   conneciing 

Q-conductor  of  electricity. 


Electrify  a,  and  present  a  round  braaa  ball  to  it ;  the  repelled 
pith  bail  does  not  drop,  provided  the  spark  doea  not  pass. 

With  this  electrophorus  arrangement  nearly  eiery  fact  in 
fictional  electricity  %b own  by  more  expensiTe  and  elaborate 
apparatus  may  be  displayed  ;  and  it  is  certainly  one  of  the  beat 
instruments  for  class-instruction,  as  the  resinous  plate,  when 
•nee  thoroughly  uxcitcd,  will  remain  in  action  for  many  hours- 
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Allov 


the 


1  fpriL 


ittle  1^ 


yiith  the  loague  before  they  nre  made  to  touch  ei 
the  taste  of  tlie  metals  themselves  may  not  be  confounded  with 
the  sensation  produced  by  their  contact.  When  the  edges  of 
the  metals  nhich  project  beyond  the  tongue  are  then  suffered 
to  touch,  H  galvanic  sensation  is  produced,  nhicli  it  is  difficult 
accurately  to  describe. 

2.  Place  a  silver  teaspoon  as  high  as  po-ifiiblc  between  the 
gums  and  the  upper  lip,  and  a  piece  of  zinc  between  the  gums 
ind  the  under  lip.  On  bringing  the  extremities  of  the  metals 
int«  coutaci,  a  very  viviit  sensation,  and  an  effect  lilie  a  flash 
of  light  aerosa  the  eyes,  will  be  perceived.  It  is  singular  that 
fhia  light  is  equally  vivii]  in  tlie  darfa  and  in  the  Btrongcst  liglit, 
Bnd  wbetber  the  eyifl  bo  shut  or  open. 
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e  of  clolh  damped  with,  dilute  Biilphurio  acid,  of 
Clie  snme  size  as  tiie  zinc,  between  tliem ;  place  b,  leecti  upon 
the  piece  of  zinc,  and,  ttiough  Ibere  nppeara  notliiDg  to  binder 
it  from  crawling  away,  yet  it  will  iiardly  pass  from  the  sine  to 
the  copper,  because  as  soon  as  its  damp  body  touches  the  cop- 
per it  receives  a  galTunic  sliock,  and  of  course  retires  to  its 
resting-place,  the  zinc. 

4.  Plunge  an  iron  knife  info  a  solution  of  sulphate  of  copper 
(bluestone) :  by  chemical  action  only  it  will  become  coyeri^d 
with  metallic  copper.  Immerse  in  the  same  EolutiOD  a  piece  of 
platinum,  taking  care  not  to  let  it  touch  the  iron,  and  no  de-' 
position  of  copper  will  take  place  upon  it;  but  if  the  upper 
ends  of  the  metals  are  brought  into  contact  with  each  other,  a 
copious  deposition  of  copper  will  soon  settle  upon  the  platinum 
likewise. 


If  we  lake  two  plates  of  different  kinds  of  metal,  platinum  or 
copper,  and  line,  for  eiaoiple,  and   immerse  them   in   pure 
attached  to   them  above,  then  if  the  wire 
jontact  in  another  vessel  of  water,  a 
galviinic  circle  will  be  formed,  the 
water  will  be  slowly  decomposed, 
its   oxygen   will  be   fixed  on   the 
zinc  wire,  and  at  (he  same  lime  a 
current  of  electricity  will  be  trans- 
mitted  through   the  liquid  to  the 
platinum  or  copper  wire,  on  the  end 
of  which  (he  other  element  of  wa- 
ter— ^namely,    the   hydrogen — will 
make  its  appearance  in  the  form  of 
minute  gas-bubbles.     The  electri- 
cal current  passes  back  again  into 
Fig.  18.  t*"*  ''ic  at  the  points  of  its  contact 

with  the  platinum,  and  thus  a  con- 
tinued current  is  kept  up,  and  hence  it  is  called  a  gnlvanio 
circle.  The  moment  the  circuit  is  broken  by  separating  the 
wires,  the  current  ceases,  but  is  again  renewed  by  tnaking 
them  touch  either  in  or  out  of  the  water.  If  a  small  quantity 
of  sulphuric  acid  be  added  to  the  water,  the  phenomenon  will 
be  more  apparent.  The  end  of  the  wire  attached  to  the  piece 
of  platinum  or  copper  is  called  (he  positive  pole  of  the  battery, 
and  that  of  the  wire  allaehed  to  (he  zinc  the  negative  pole. 
The  current  of  electricity  here  generated  will  ho  extremely 
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such  glasses  instead  of  one,  partially  fill  them  with  dilute  aul- 
pliurio  aeid,  and  put  a  piece  of  zinc  and  copper  into  each,  con- 
necting them  by  means  of  copper  wire  from  glaaa  to  glass 
through  the  whole  series,  a  stronger  current  of  electricity  witl 
be  the  result.  The  experimenter  must  he  careful  not  to  let  the 
wire  and  iinc  touch  each  other  at  ihe  bottom  of  the  tumblers, 
and  must  also  remember  that  tbe  copper  of  glass  1  is  connected 
with  the  zinc  of  glass  2,  and  so  on. 


To  effect  this,  make  a  connection  between  the  poles  of  the 
above  or  any  eicited  ballery  with  the  two  ends  of  a  mire 
formed  into  a  spiral  coil,  liy  bending  common  bonnet-wire 
closely  round  a  cylinder,  or  tube,  of  about  an  inch  in  diameter  ; 
into  this  coil  introduce  a  needle,  or  piece  of  steel  wire,  laying 
it  lengthways  down  the  circles  of  the  coil.  In  a  few  minutes 
after  the  electric  fluid  has  passed  through  the  spiral  wire,  and 
consequently  round  the  needle  or  wire,  the  latter  will  be  found 
to  be  strongly  magnetized  and  to  possess  all  the  properties  of 
a  magnet. 


If  a  galvanic  current,  or  any  electric  current,  be  made  to 
priES  along  a  wire  under  which  and  in  a  line  with  it  n  compass 
is  phiced,  it  will  be  found  that  the  needle  will  no  longer  point 
north  and  south,  but  will  take  a  direction  nearly  across  the 
current,  and  point  almost  east  and  west. 

CHANOE    OF    COLOR   BY   GALVANISM. 

Put  a  teaapoonful  of  sulphate  of  Hoda  into  a  cup,  and  dissolve 
it  in  hot  water;  pour  a  little  cabbnge  blue  into  the  solution, 
and  put  a  portion  into  two  glasses,  onnnecling  them  by  a  piece 
of  linen  or  cotton  cloth  previously  moistened  in  the  same  solu- 
tion. On  putting  one  of  Ihe  wires  of  the  galvanic  pole  into 
eneh  gla^s,  the  acid  nccumulnles  in  the  one,  turning  the  blu« 
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to  a  red,  and  (he  alkali'  in  the  other,  rendering  it  green.  If 
the  wires  be  now  reversed,  tlic  acid  accuniulateK  eventually  in 
the  glass  ivliere  the  alkali  appeared,  while  the  alkali  paases  to 
the  glass  where  the  acid  was. 


Having  selected  a  good  and  perfect  seal,  thoroughly  black- 
lead  the  surface  with  the  ordinary  plumbago,  laid  on  and 
potished  with  an  old  and  soft  looth-brush.  Into  (he  side  of  the 
seal,  in  a,  portion  of  the  wax  fccal 
not  covered  with  tlie  impres  ion 
melt  in  gently  a  very  tl  n  copper 
wire,  ao  that  the  surfac  of  the 
„  upper  side  of  the  wire  shall  be 
flush  with  the  seal,  and  blaclc  kad 
this  juncture  carefully  ;  then  w  nd 
the  other  end  of  the  11  in  copper 
wire  round  apiece  of  amalgamated 
zinc  five  inclies  long,  one  eiglith 
of  an  inch  thick,  and  Ihree-quar 
ters  of  an  incli  broad,  as  in  this 
arrangement  tbe  seal  takes  (he 
place  of  the  copper  element  in  the 
simple  voltaic  circle. 

In  half  a  pint  of  boiling  water 
dissolve  as  much  powdered  sul- 
phate of  copper,  or  bltiestonc,  us 
the  water  will  take  np;  place  this, 
when  cold,  in  an  ordinary  tumbler, 
and,  having  rolled  a  piece  of  l)r<iwn 
paper  three  or  fnur  limes  round  a 
ruler  one  inch  thick,  close  (he  aide 
and  bottom  with  sealing-wan,  to 
make  a  porous  cell.  Hold  the 
brown  paper  lube  or  cell  over  the 
tumbler  containing  the  solution  of 
sulphate  of  copper,  and  pour  into 
it  a  mixture  of  five  parts  water 
and  one  part  oil  of  vitriol  (these  latter  must  bo  mlied  before- 
hand, and  should  be  quite  cold) :  as  the  aeid  ia  poured  into  the 
irn  paper  cell,  let  it  sink  into  (ha  sulphate -of-copper  so- 
on, and  then,  finally,  having  bent  the  wire  that  unites  the 
seal  to  the  amalgamated  zinc,  place  the  latter  in  the  brown 
paper  vessel,  and  tbe  former  into  the  solution  of  copper  in  the 
tumbler,  and  in  about  twelve  hours  a  beautiful  impression  of 


lloa  of  Bolphatea 


will  be, obtained  ir 
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N.B,— Zinc  is  caEJly  amalgamated  by  dipping  it  first  inlo 
Eome  dilute  sulphuric  acid,  and  then,  having  a  little  mercury 
in  a  plate,  it  may  be  rubbed  on  by  means  of  a  flat  piece  of 
Btiok  eovered  with  flannel. 

EXPERIMENTS  WITH  MAGNETISM. 

1.  Wa  have  aaid  that  the  agency  of  the  magnet  can  be  im- 
parted to  steel ;  this  may  be  done  in  a  very  easy  way.  If  you 
pass  a  magnet  ( Irhicli  may  bo  either  natural  or  artificial)  over 
a  sewing-needle  seTeral  times  from  the  eye  to  the  point,  the 
needle  will  acquire  the  principle  and  atlraet  iron  filinga  in  tba 
same  manner  as  a  natural  magnet  would  do.  But  tlie  part  of 
the  magnet  which  you  apply  to  the  needle  must  be  the 
north  pole,  and  you  must  not  pass  it  over  tiie  needle  back- 
wards and  forwardfl,  but  lift  it  always  from  the  point,  and 
again  begin  from  the  eye.  Suppose  you  wish  to  impart 
the  principle  to  a  small  bar  of  tempered  steel ;  lie  the  piece 
to  bo  magnetized  to  a  poker  with  a  piece  of  silX,  and  hold 
the  part  of  the  poker  to  which  it  is  attached  in  the  left 
hand;  take  hold  of  the  longs  a  little  below  the  middle,  wilh 
the  right  hand,  and  rnb  the  eteel  bar  with  them,  moving  the 
tongs  ttom  the  bottom  la  the  lop,  and  keeping  Ihem  steadily  In 
a  vertical  position  all  the  time.  About  a  dozen  strokes  on 
eacb  side  will  imp.irt  quite  sufficient  magnetical  power  to  the 
bar  to  enable  the  operator  to  lift  up  small  pieces  of  iron  and 
steel  with  it.  The  lower  end  of  the  bar  should  be  marked  be- 
fore it  is  fastened  to  (he  poker,  so  that  the  poles  may  be 
readily  distinguished  from  onch  other  

when  it  is  taken  ofl',— the  upper  end    r(T  ji|frSr^„_^jlS^-^_^' 

being  the  south  pole,  and  the  lower     t^ TT'"'*'^^ 

the  north.  ^■"-'■^i,      // 

2.  Scatter  some  iron  filii 
a  piece  of  paper,  and  hold  i 
underneath  it.     The  instant 
tact  takes  plaop,  the  filings  will  raise  FJg.si. 
themselves    upright,   and   ftll    down 

as  soon  aa  the  magnet  is  withdrawn.  The  effect  is  singular, 
and,  indeed,  very  amusing,— the  diminutive  iron  particles  rising 
and  falling  as  if  by  supernatural  agency. 


1  swan  of  cork,  and  place  within  its  beak  n.  little  bit 
itrongly  magnotiied,  then  cover  it  with  a  thin  cmliug 
wax,  and,  to  render  the  im:igo  more  complete,  ghiss 
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south  poles  a,re  marked.     Show  the 
the  swan,   and  the  liltle  creature  w 
moving  very  gently   orer   the   wate 
about;  Bnil  when  jc 
of  the  wand   to  it,  and, 


object  is   to   make   il 
■     about.    This  you 

by  holding  in  your 
hand  a  magnetic  bar, 
on  which  the  north  and 
■th  pole  of  the  wand  to 
immediately  follow  it, 
you  may  thu»  lead  it 
wish  it  lo  retire,  present  the  south  pole 
lice  B,  good,  obedient    bird,  it  will 


readily  recede  and  turn  back. 

If  you  wiah  to  make  a  magnelie  wand,  you  may  do  so  by  pro- 
curing a  hollow  cane  eight  or  nine  inches  in  length  and  half 
an  inch  thick,  and  a  small  steel  bar  well  magnetized.  Put  this 
bar  in  the  cane,  and  clo.se  it  at  both  ends  by  screwing  on  small 
ivovy  tops  differing  in  shape,  or  having  some  marks  by  which 
you  may  in  an  instant  reeogniie  the  north  and  south  ends  of 
tl)e  rod.  With  this  wand  you  may  diroat  the  course  of  any 
fioating  figure  you  may  choose  to  fashion. 


Suspend  a  magnet  in  one  of  the  scales  of  a  very  delicat* 
balance,  and  carefully  adjust  it  by  putting  weiglits  into  tht 
other  scale ;  ivhen  thus  counterpoised,  hold  a  piece  of  iron 
under  the  scale  to  which  the  magnet  is  attached,  and  it  will 
immediately  descend.  If.  instead  of  the  magnet,  a  piece  o( 
iron  be  attached  to  the  scale,  and  the  magnet  held  under  tlir 
iron,  the  scale  will  descend  as  before. 


9       m 


tilings  upon  a  table,  and  then  put  among 
them  a  magnetic  rod  or  bar.  Tht 
filings  will  immediately  adhere  to 
the  ends  of  the  bor  or  red,  but  not 
lo  the  middle  or  centre,  where  the 
■y  little 
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Tb-B  north  poles  of  two  Biagnets  repel  each  other,  anJ  the 
BiLme  happens  with  the  south  poles,  for  the  magnetic  attrac- 
tion is  eierted  only  between  the  contrary  poles.  Thus,  if  joii 
fix  two  magnetixed  needles  in  two  piecea  of  cork,  and  place 
them  in  a  basin  of  water,  and  the;  are  in  a  parallel  position 
with  the  same  poles  together,  that  is,  north  to  north  or  south 
to  south,  they  will  mutually  repel  each  other;  hut  if  the  con- 
trary poles  point  to  one  another,  then  they  will  be  attracted 
and  draw  close  together. 


If  you  balance  a  bar  of  Bteel  or  an  untouched  needle  hori- 
lootally  upon  a  pivot  or  centre,  it  will  remain  stationary  ;  but 
magnefJie  th«  aame,  as  already  indicated,  and  place  it  again  on 
its  centre,  and  you  will  see  that  it  turns  round,  and  does  not 
stop  until  its  north  pole  ia  in  the  direction  of  the  north  pole  of 
the  earth. 


This  maybe  done  by  stroking  a  piece  of  hard  steel  with  a 
nalDial  or  artificial  magnet.  Take  a  common  sewing-needle, 
and  pass  the  north  pole  of  a  magnet  from  the  eye  to  the  point, 
piesa  ng  il  gentlj  in  so  don  g  After  reaching  the  end  of  the 
needle  the  magnet  must  not  be  passed  back  again  towards  Ihe 
eye  but  must  be  lifted  up  and  applied  again  lo  that  end,  Ihe 
friction  being  always  in  tlie  same  direction.  After  repeating 
thia  for  a  few  times  the  needle  will  become  magnetized,  and 
attract  iron  filings   4.C 


Hold  it  in  the  left  han  1  in  a  |  osition  slightly  inclined  from 
the  perpendicular  the  lower  end  pointing  to  the  north,  and 
then  itnkc  it  imartly  seTeral  timea  with  a  large  iron  hammer, 
an  1  it  will  be  tounJ  to  possess  the  powers  of  a  magnet,  al- 
though but  slightly 


Borrow  a  watch  from  Ihe  company,  and  inquire  if  it  will  go 
when  laid  on  the  table.      Then  place  it  just  over  the  point  at 
wliich  a  magnet  is  fised  underneath  the  lop  of  Ihe  table,  and 
6-15  4t>* 


,y  Google 


.116      ELECTRICITY,   GALVAHISM,   AND   MAGNETISM. 


short  pieoea  of  iron  wire,  u  s,  n  »,  so  tbat  they 
J  will  bang  in  contact  in  a  Tertical  posi- 

tion. If  the  north  pole  of  a  magnet  k 
be  now  brought  to  a  moderate  distance 
between  the  wires,  Ihey  will  recede  from 
eacli  other  as  in  No.  1. 

The  ends  s  s,  being  made  south  polet 

by  induction  from  the  north  pole  k,  will 

1  K  repel  encb  other,  and  eo  will  the  north 

1      poles  N  N.     This  separation  of  the  wires 

.1       B    will  increase  as  the  magnet  approaches 

I  them,  but  there  will  be  a  particular  dis- 

tauce  at  which  the  attractive  force  of  s 
overcomes   the  rapulaiye   force   of    the 
g  pole9  s  s,  and  causes  the  wires  to  con- 


The  best  method  of  proving  this  ia  to  talie  a  magnet,  or  a  piece 
of  steel  rendered  mngnetic,  and  to  place  it  on  a  piece  of  corfe 
by  laying  it  in  a  groove  cut  to  re- 
ceive it.     If  tiie  cork  be  placed  in 
the  centre  of  a  basin  of  water,  and 
allowed  to  swim  freely  on  its  sur- 
1  that  it  is  not  attracted  by 
Ics  of  the  basin,   it  will  be 
found  to  turn  its  north  pole  to  the 
j^    gj  north,   and  ita   south   polo  to   (lie 

south,  the  same  aa  the  mariner's 
compass.  If  you  fii  two  magnets  in  two  pieces  of  oork,  and 
place  them  also  in  a  basin  of  water,  and  they  are  in  a  parallel 
position  with  the  same  poles  together,  that  is,  north  to  north 
and  south  to  south,  they  will  mutually  repel  each  other  ;  bul 
if  the  contrary  poles  point  to  one  another,  as  north  to  south, 
they  will  be  attraoled. 
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Each  magnet  baa  its  poles,  north  and  south;  the  north  and 
touth  poles  of  one  magnet  repel  the  north  and 
south  poles  of  aaolher.  If  a  magnet,  as  In  the 
following  figure,  be  dipped  in  some  iron  filings, 
they  will  be  immediatfllj  attracted  to  one  end. 
Bupposing  this  to  be  the  north  pole,  each  of 
the  ends  of  the  filings  not.  in  contact  with  the 
magnet  will  become  north  poles,  while  the 
ends  in  contact  will  by  induction  become  south 
poles.  Both  will  hare  a  tendency  to  repel  each 
other,  and  the  filings  will  stand  on  the  magnet 
H  in  tbe  figure.  Fig.  se. 

TUB    HAONETIC    FISH. 

Fish   are   to  be  purchased  at  (he  toy-ahops,  by  which  tho 
young  magniliqiAe  may  perform  this 
experiment :    they  are  made  hollow, 
and  will  float  on  the  water.     In  the 
mouth   of  each   should  be  inserted 
a    piece    of    magnetic    wire.      "i 
angling-rod  is  like   any   other  r 
and  has  a  sillien  thread  far  a  line, 
and    an     iron    hook,    also    strongly 
Magnetized.     To    catch   the   fish,   " 
Is   only   necessary  to  put  the   hook    { 
m  contact  with  the  uoies  of  the  fish  p,g 

and    they    will    be    taken    without 
any  of  the  huts  mentioned  in  the      ioung  Angler 


The  form  ot  a  horseshoe  is  generally  giTen 
bars  when  both  poles  nre  wanted  to  act  to 
gether  which  frequently  happens  in  various 
eiperiments  such  as  for  lifting  weights  by 
the  force  cf  magnetic  attraction  and  ftr  mag 
netiiing  steel  bars  bv  the  process  of  double 
t}uch  for  which  they  are  exceedingly  con 
venient  The  following  is  a  method  of  making 
a  powerful  magnetic  battery  of  the  horseshoe 
form  Twelve  bars  or  plates  of  steel  are  to  be 
taken,  and,  having  been  previously  bent  to  the  "s-  ""■ 

required  form, — that  is,  the  horseshoe  shape,— they  are  then 
bound  together  by  means  of  rivets  at  their  ends  ;  before  being 
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finally   fastened,   they   are   each  ecparatoly   magnetized,    anil 
afterward  finally  uniled. 

Horseshoe  magnets  ghoulil  have  a  short  bar  of  soft  iron 
adapted  (o  conaect  the  two  poles,  and  should  never  be  laid  by 
TTilliout  Buch  a  piece  of  iron  adhering  to  them.  Bar  magnets 
should  be  kept  in  pairs,  with  their  poles  turned  in  contrary 
directions,  and  they  should  be  kept  from  rust.  Both  kinds  of 
magnets  have  their  power  not  only  preserved  but  increased  by 
keeping  them  surrounded  with  a  mass  of  dry  filings  of  soil 
iron,  each  particle  of  which  will  react  by  its  induced  magnet- 
ism upon  the  point  of  the  magnet  to  which  it  adheres,  and 
maintain  in  that  point  its  primitive  magnetic  state. 


Take 


larger  and  the  older  the 


1  poker   and  tongs,  o 


s  of  ii 


—the 


^and,  fising  the  poker  uprigiit, 
hold  to  it  with  the  left  hand  near  the 
top  P,  by  a  silk  thread,  a  bar  of  soft 
steel  about  three  inches  long,  one- 
fourth  of  an  inch  broad,  and  one- 
twentieth  thick  ;  mark  one  end,  and 
let  this  end  be  downwards.  Then, 
grasping  the  tongs  t  with  the  right 
hand  a  little  below  the  middle,  and 
keeping  tbem  nearly  in  a  vertical  line, 
let  the  bar  e  be  rubbed  with  the  lower 
end  L  of  the  tongs,  from  the  marked 
end  of  the  bar  to  its  upper  end,  about 
ten  times  on  each  side  of  it.  By  this 
moans  the  bar  b  will  leteive  a^  much 
magnetism  as  will  enahle  it  to  lift  a 
small  key  at  the  marked  end ,  and 
this  end  ol  the  bar,  being  suapended 
h)  lis  middle,  or  made  to  rest  on  a 
„j    gg  joint,  will  turn  to  the  north,  nnd  is 

called  its  north  pole,  the  unmarked 
end  being  the  south  pole  This  is  the  method  reoommended 
by  Mr.  Caiton  in  his  proceis,  which  he  regarded  as  superior 
to  those  in  former  use,  and  of  which  a  more  detailed  account 
will  be  found  in  hia  interesting  volume 

BXPGBIHEHT  TO  SHOW  THAT  SOFT  ! 


:  a  key,  held  horizontally  near  one 
ir  edge.     Then,  if  another  piece  o( 
MB 
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iron,  such  as  a  Email  nai 

key.  the  nail  will  hang 

eo   while   the    magnet    i 

withdrawn  I  but  when  it  has  been    _^.-  w 

removed    beyond  a    certain    dis-    ^^^■^'''''    '  '' 

tanoe,  the  nail  will  drop  from  the  ^^% 

key,  because   the   magnetism   in-  ^fi^ 

duoed  in  the  key  becomes  at  that  K  Y 

distance  too  weak  lo  support  the  h 

weight  of  the  nail.     That  this  ia  |»^ 

the  real   cause  of  its   falling  off  **• 

may  be  proved  by  taking  a  still  f 

lighter  fragment  of  iron,  such  as  a  Fis.  90. 

piece   of  very  slender   wire,   and 

applying  it  to  the  key.     The  magnetism  of  the  key  will  still  be 

sufficiently  strong  to  support  the  wire,  though  it  cannot  the 

nail,  and  it  wiU  continue  to  support  it  even  when  the  magnet 

is  yet  farther  removed ;  at  length,  however,  it  i^ops  off. 


Place  a  magnet  on  a  stand  to  raise  it  a  little  above  tho  table; 
then  bring  a  small  SBwing-needle  containing  a  thread  within  a 
little  of  the  magnet,  keeping  hold  of  the  thread  to  prevent 
the  needle  from  attaching  itself  to  the  magnet.  The  needle,  in 
endeavoring  f.o  fly  to  the  magnet,  and  being  prevented  by  tlie 
thread,  will  remain  curiously  suspended  in  the  air,  like  Mo- 
hammed's cofGn. 


ELECTRO-MAGNETISM. 

Th      d  ntity  of  magnetism  with  electricity,  al- 
d    o  in  a  former  paragraph,  has  led  to  the 
f       a     n  of  a  new  science  under  the  above  name; 
and  me  of  the  interesting  experiments  con- 

nec  ed  w  th   it  we   shall  briefly   allude,    for   the 
amas  m  nt  of  the  young  reader. 

POWEE    OP    THE    ELECTRO -MAGNET. 

The  same  influence  which  aEfects  the  magnetic 
needle  already  described  will  also  communicate 
magnetism  to  soft  iron.  If  a  bar  of  that  metal, 
bent  as  in  the  drawing,  be  surrounded  with  a 
common  bonnet-wire,  or  a  copper  wire  prevented 
from  touching  tho  iron  by  a  winding  of  cotton  or 
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thread,  and  tben  if  n  current  of  voltaic  electricity  be  sent 
through  the  wire,  the  bar  becomes  a  powerful  magnet,  and  will 
continue  ao  aa  long  as  the  connection  with  the  battery  ia  pre- 
served. On  breaking  the  contact,  the  magnetism  disappears. 
This  experiment  may  be  easily  made  by  the  young  rcajiei-  with 
a  horseshoe  magnet  surrounded  by  several  coils  of  wire;  p  is 
the  positive  and  s  tbe  negative  pole. 


Another  remarkSible  and  evident  manifestation  of  the  in- 
fluence of  the  magnetism  of  the  earth  upon  the  needle  is  the 
inclination  or  dip  of  the  latter,  which  ia  a  deviation  from  its 
horizontal  place  in  a  downward  direction  in  northern  regions 
of  its  north,  and  in  southern  regions  of  its  south,  pole.  The 
causes  of  the  dipping  of  the  needle  are  yet  unexplained.  In 
balancing  the  needle  on  the  card,  on  account  of  this  dipping,  a 
small  weight  or  movable  piece  of  brass  is  placed  on  one  end 
of  the  needW,  by  tbe  shifting  of  which  either  nearer  to  oi 
fartlier  from  tbe  centre  the  needle  will  always  be  balanced. 


The  magnetic  needle  does  not  point  exactly  north  and  south, 
out  the  north  pole  of  the  needle  takes  a  direction  considerably 
to  the  west  of  the  true  north.  It  is  constantly  changing,  and 
varies  at  different  parts  of  the  earti  and  a 


an  artificial  magnet  fitted  in  a 
s  of  three  parts:— 1,  tie  box  ;    2,  tli» 
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r  fly;  and  S,  tho  needle. 
!  wooden  caee,  by  menus  of 
gimbals,  bo  fiied  by  brazen 
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The  t 


a  horizontal  poBition  in 
all  motions  of  the  ship.  The  card  is  a  circular  piece  of  paper 
■wliieh  is  fastened  upon  Ihe  needle  and  moves  with  it.  The 
outer  edge  of  the  card  is  divided  into  thirtj-two  points,  as 
shown  in  the  anp'aving,  called  "  points  of  the  compass."  The 
needle  is  a  slender  bar  of  hardened  steel,  having  a  hollow  agate 
Clip  in  the  centre,  wliioh  moves  upon  the  point  of  a  pivot  mad* 
of  brass. 


Pocket  compasses  are  to  bo  bought  for  five  or  sii  shillings, 
and  may  be  used  in  many  ways.  In  travelling  over  mountaini 
or  a  wide-eitended  moor,  tliey  are  indispensably  necessary ; 
and  no  one  should  go  a  tour  into  Wales,  Scotland,  or  the  lakes 
without  such  a  companion;  and  it  will  be  a  very  useful  and 
amusing  exercise  for  any  young  person  to  take  the  bearings  of 
his  own  or  some  particular  locality,  and  make  out  what  may  bo 
cfilled  a  bearing-card.  This 
he  may  easily  do  in  tiie  fol- 
lowing manner.  Supposing 
he  wislies,  for  instance,  to 
take  the  bearings  of  his  own 


:  he  ha! 


lotliin 


3  pocket 
1  map  of  the  distiict: 
a  county  map  will  do  very 
well,  unless  his  house  stands  w!l^ 
onlhevergeof acounty ;  f^"" 
two  county  maps  will  be 


Hem 


jioi-lli  of  the  map  exactly  c 
incide  with  the  north,  as  in- 
dicated by  his  compass,  and 
having  fixed  his  map  in  tliis 
situation,  he  should  tnke  a 
ruler  and  piece  of  paper, 
and  dot  down  the  esact  bear- 
ings of  each  iniportanl  town,  ,- ,-  ...  _  ,, 
Let  him  suppose  himself,  for  instance,  in  the  town  ot  Iait\. 
bridge,  and,  laying  down  bis  map  ns  indicated  by  t.ie  con. 
pass,  north  to  north  and  amiib  lo  south,  he  will  liiid  t  'B  M 
loffine  places  due  north,— Wilbert on,  Wentwortb  ;  Lutle  V  1- 
brabnm,  Teversham,  due  east ;  Duif  ,rd  and  Cbesleilield,  somh 


Tillage,  I 
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Colon  anil  St.  Neots  in  Huntingdonsliire,  west.  The  otliel 
points  of  tte  compass  maj  be  tilled  up  in  the  same  manner. 
Should,  therefore,  our  young  friend  be  upon  any  elevated  aitua- 
tioQ  near  his  own  dwelling,  or  upon  any  other  elevated  spot 
from  which  the  bearings  have  been  taken,  he  will  be  able  to 
inform  his  young  fi'iends  that  such  and  such  a  place  lies  in 
auch  a  direction,  tli^t  thia  place  lies  due  north,  the  other  north- 
west, a  third  aoutheaat,  the  fourth  aouthwest,  &e.  &c. ;  and 
the  information  so  obtained  will  be  serviceable  to  himself  in 
many  important  matters. 


Fire-irons  which  have  rested  in  one  position  in  a  room 
during  the  summer  months  are  often  highly  magnetic. 

Iron  bars  standing  erect,  such  as  the  gratings  of  a  prison- 
cel!  or  the  iron  railings  before  Louses,  are  often  magnetic. 

The  uppermost  of  the  iron  lire  round  a  carriage-wheel 
attracts  the  north  end  of  a  magnet,  and  has  hence  south 
polarity,  while  the  lower  end,  attracting  the  south  end  of  the 
Siime,  has  north  polarity. 

M.ignetism  maybe  made  to  pass  through  a  deal  board ;  to 
exhibit  which,  lay  a  needle  on  the  smooth  part  above,  and  run 
a  magnet  along  the  under  side,  and  the  needle  will  be  found  to 
follow  the  course  of  the  magnet.  A  magnet  dipped  into  boil- 
ing water  loaes  part  of  its  magnetism,  which,  however,  returns 
upon  its  cooling. 

A  sudden  blow  given  to  a  magnet  often  destroys  its  magnetic 


Tlie  preceding  esperimenta  in  electricity,  galvanism,  and 
magnetism  we  have  selected  for  the  simple  illustrations  which 
they  offer  of  someof  the  principles  of  those  branches  of  phi- 
losophy. More  elaborate  experiments  we  have  refrained  from 
inserting,  as  although,  perhaps,  more  astonishing  and  im- 
pressive in  their  effects,  the  costly  apparatus  which  they  re- 
quire raise  them  far  above  the  means  of  most  boys,  for  whoss 
n  and  amusement  we  cater. 
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regions  0     h 
itbode  of  e 


F  g  9S     Ba  ouD 

ftg  B  of  wh  h  we  «  e  any  «-  rd,  tke 
1  been  ft  ulu  c  of  n  ense  u  sity  to 
1  es  fans  cm  on  de  ed  h  m  as  the 
id  d  n  n  bu  wh  u  kn  w  edge  poured 
her  rich  upon  man    he  b  |£an         on   d       ha    a  r,  like 

water,  was  a  fluid,  whii-h  he  migh  ende  ub  ti  n  to  hia 
purposes,  and  ooneeiTed  tho  idea  of  flying-  The  first  trials  of 
thia  mode  of  progression  seem  to  have  been  acliieved  by  Gre- 
cian sltill ;  and  the  most  celebrated  imitation  of  Hying  on  record, 
of  ancient  times,  is  that  of  tho  renowned  georaeti'ieiau  of  Ta- 
rento,  Archytaa,"  who  constructed  a  pigeon  of  wood,  wliich 
eoulJ  fly,  but  which,  however,  if  it  fell  to  the  ground,  could 
not  raise  ttaelf  again.  In  Rome,  in  the  time  of  Nero,  it  is  said 
that  a  man  raised  himself  Up  by  means  of  wings,  but  that  he 
lost  his  life  in  the  attempt.  In  Scotland,  in  the  reign  of  James 
IV.  an  Itilian  adventurer  made  an  essay  at  flying;  and  the 
latest  endeavor  of  the  kind  recorded  in  history,  and  which  to 
a  certain  eitent  was  successful,  was  that  of  the  Marquis  de 
Gaoquevilla,  who  in  1742  rose,  bv  the  aid  of  winga  alone,  from 
his  residence  on  the  Quai  des  Tbeatins,  Paris,  and  directed  his 
tight  across  'he  Seine.  Inwards  the  g^irdona  of  tlio  Tuilc 
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but,  jnst  as  he  had  advanced  half-way,  he  nppearod  to  lose  Ml 
command  of  bis  movements,  nnd,  Ma  wings  ceasing  to  act,  he 
fell  against  one  of  the  floaling  maehiaeB  belonging  to  tha 
Parisian  washerwomen,  which  line  the  arches  of  the  Pont 
lloyal,  and  had  hia  leg  broken,  in  addition  to  other  serious  in- 

Flying  being  found,  eTen  in  earij  times,  ueelesB,  other  means 
of  moving  in  the  air  were  next  sought  after,  and  the  poHaibilitj 
of  rising  'roni  the  earth,  on  the  same  principle  that  the  clouds 
rise  and  keep  afloat,  became  the  new  subject  of  speculation. 
In  the  fourteenth  century,  an  Angustine  friar,  Father  Albert,  of 
Saxonj,  suggested  the  first  correct  notion  of  rising  in  the  air  by 
means  of  a  balloon.  The  quiet  of  the  cloislerB  had  furnished 
this  monk,  as  it  had  many  other  inbabitanta  of  thote  silent 
mansions  of  religion,  with  suffi  eient  leisure  to  explore  the  my»- 
leriea  of  science.  He  had  written  a  commentary  upon  the 
pbysical  works  of  Aristotle,  at)d  was  probably  acquainted  with 
tLe  doctrines  of  Archimedes,  who  had  established  the  principle 
that  a  body  must  remain  suspended  in  a  fluid  denser  than  itself. 
However  this  might  be,  Father  Albert  conceived  that,  "since 
fire  is  more  attenuated  than  air,  and  floats  above  the  region  of 
our  atmosphere,  a  portion  of  such  substance  enclosed  in  a  light 
hollow  globe  would  rise  to  a  certain  height."  This  theory 
was  tiiken  up  and  agitated  by  various  speculators,  but  mostly 
in  the  cloisters,  until  Stephen  and  Joseph  Montgolficr,  brothers, 
paper-makers  of  Ammonay,  near  Lyons,  in  France,  put  it  into 
practice  about  the  latter  end  of  the  last  century.  Though  not 
fevored  by  a  liberal  education,  the  Montgolfiers  were  impelled 
by  natural  ingenuity  to  acquire  more  knowledge  than  is  gene- 
rally met  with  in  the  class  of  mannfacturerH  to  which  they 
belonged.  Stephen  was  attached  to  chemistry,  Joseph  to  mathe- 
matics; but  both  of  them  had  directed  their  attention  to  the 
ascent  and  floating  of  clouds  in  Iheatmosphere.  The  result  of 
their  speculations  was  the  supposition  that  a  factitious  cloud, 
formed  of  very  thin  vapor  and  enclosed  in  ftjight  bag  of  great 
dimensions,  would  ascend  into  the  higher  regions.  Their  iirat 
experiment  was  made  in  November,  1782,  with  a  bag  of  fins 
silk  filled  with  rarefied  air,  which  answering  perfectly,  they 
tried  the  eiperiment  on  a  larger  scale,  and  on  the  19th  of  Oc- 
tober, 1788,  exhibited  before  the  king  and  court  of  France,  at 
Versailles,  a  balloon,  having  a  basket  attached  to  it,  in  which 
were  a  sheep,  ft  cock,  and  a  duck.  In  about  eight  minutes  the 
fire  which  supplied  the  balloon  with  rarefied  air  went  out,  and 
the  apparatus  descended  without  injuring  the  aeronauts.  This 
last  trial  being  so  completely  successful,  Monsieur  Pil&tre  da 
Rosier  ofl'ered  to  ascend  in  a  similar  machine ;  and  on  the  2lBt 
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ofNoTember,  1783,  acoonipaniedbj  the  Marquis  d'Atlandes,  i* 
made  the  first  aeronautical  voyage  ever  attempted  by  laaa. 

The  balloon  used  by  Monsieur  Rosier  was  highly  orna- 
mented, being  composed  of  silk,  decorated  with  gold  and 
spangles  and  scarlet  velvet;  the  car  was  a  gallery  large 
enough  for  the  voyager  to  walk  round,  and  the  centre  of  it  was 
hollon,  containing  an  iron  grate  or  braiier.  The  principle  of 
the  machine  was  that  of  a  fire-balloon,  its  ascensive  power 
Hjeing  produced  by  the  rarefaction  of  atmospheric  air,  by  means 
of  a  large  fire  being  kept  baroing  in  the  grate  under  Che  lower 
part  of  the  balloon,  which  was  open  for  the  purpose  of  receiv- 
ing the  heated  air ;  and,  that  the  fire  and  aupplyof  rarefied  air 
might  be  regulated  at  pleasure,  port-bolea  were  made  in  the 
gallery  toward  the  grate.  So  long  as  the  aeronaut  wished  to 
remain  in  the  air,  be  was  obliged  to  furnish  this  fire  with  fuel ; 
and  when  he  purposed  descending,  he  suffered  it  to  decline. 
This  species  of  biUoon  is  known  by  the  title  of  the  Montgolfifere, 
from  the  original  inventors  the  Montgolhers  and  is  an  eiceed 
ingly  dangerous  one  on  -account  of  its  linb  1  t;  to  take  hre  from 
the  burning  materials  m  the  grate  anl  indeed  Che  greatest 
number  of  accidents  which  have  befallen  aertnauts  have  been 
through  its  perilous  construction  Monsieur  Bosier  himielf 
perished,  on  the  15th  of  June  17H5  through  the  conflagration 
of  the  machine  in  which  he  and  a  fellow  voyager  Monsieur 
Remain,  were  travelling  with  the  intention  of  crossing  trom 
Boulogne -snr-Mer  to  England  The  apparatus  was  consumed 
in  the  air,  and  both  the  luckless  gentlemen  were  dashed  to 
pieces  upon  the  roeks  by  the  sea  shore  from  Calais  to  Boulogne 

At  the  same  time  that  the  Mf  nfgolfiers  were  espenmenting 
upon  balloons  filled  with  rarefied  air  Monsieur  Charles  pro 
fessor  of  philosophy  in  Pans  was  endeavoring  to  inflate  ona 
with  hydrogen  gas  and  atter  eudunng  much  ridicule  for 
attempting  to  invent  another  mode  of  doing  that  which  was 
already  done,  achieved  his  design  anl  on  the  1st  of  December 
1T83,  accompanied  by  Monsieur  Robert,  he  ascended  from  the 
Champ  de  Mars,  and  lauded  in  safety,  after  a  completely  suc- 
cessful voyage. 

To  these  original  discoveries  of  the  science  of  aerostation 
many  adventurers  eacceeded  in  different  parts  of  Europe,  and 
the  superiority  of  the  hydrogen  gas  over  the  Montgolfifere,  or 
heated-air  balloon,  was  fully  established ;  for  five  persons  per- 
ished in  the  space  of  a  few  years,  through  the  accidental  com- 
bustion of  their  machines,  but  too  appropriately  termed  fire- 
balloons. 

At  the  present  lime  balloons  are  filled  with  carburetted 
hydrogen  gaa,  the  common  coal  gas,  which  is  considerably 
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«beaper  than  the  hydrogen,  and  can  be  procured  far  raor» 
readily,  inasmuch  as  the  filling  of  a  halloon,  which  in  former 
purioda  oost  the  labor  of  two  or  throe  dajs  at  an  Boormous 
eipenae,  oan  now  be  done  In  as  many  hours.  For  th« 
diaeoverj  of  the  applicabilitj  of  this  gas  to  aeronautical  pur- 
poses we  are  indebted  to  Mr.  Charles  Green,  the  intrepid 
Toyager  of  our  own  days,  and  who  has  also  iuTented  what  he 
terms  a  guide-rope,  that  is,  »  vope  of  a  thousand  feet  in  length 
and  upwards,  which,  when  the  balloon  baa  quitted  terra  firma^ 
and  circumstances  render  its  use  advisable,  is  lowered  from  ths 
car  by  means  of  a  windlasg.  When  the  specific  gravity  of  the 
machine  is  increased,  and  he  begins  to  descend,  the  tail  of  the 
guide-rope,  trailing  on  the  ground,  acts  like  the  discharge  of  a 
quantity  of  ballast,  and  checks  her  further  desce  d    h 

'  ues  progressing  on   the   level   so   produced    un         h 
s  a  reascgnsiva  power  and  quits  the  earth  w   h 
..■ces  of  ballast  and  gas  the  same  as  she  had  b      re  h 

^e  was  arresied  by  the  increased  weight.     This         n 

simple  aa  it  is,  is  of  invaluable  benefit  lo  tbe  aerona      w         y 
augmenting  or  diminishing  the  quantity  of  rope  h 
proportionately  increases  or  lessens  the  space  betw  m    If 

and  the  earth,  and  so  does  away  with  the  necessity  p 

jug  ballast  to  such  an  extent  as  heretofore  ;  indeed  d  ng 

to  the  old  system  of  discharging  ballast  whenever 
became  so  heavy  with  moislure  as  to  descend,  an 
some    portion  of  the  gas   when,   from  tbe    diminu  h 

ballast,  she  rose  too  high,  it  was  impossible  for  an  aeronaut  t(. 
prolong  his  voyage  beyond  thirty-sis  hours:  now,  howerer, 
he  mity  continue  it  for  almost  aa  many  days,  should  it  be  re- 

The  honor  of  making  the  first  aerial  eipedition  in  England 
has  usually  been  ascribed  to  a  foreigner,  Signor  Viocenio  Lu- 
aardi ;  but  in  reality  a  Mr,  James  Tytler  claims  the  merit,  he 
having  ascended  in  a  Montgolficre  from  Comely  Gardens,  Edin- 
burgh, on  tbe  aith  of  August,  1784,  nineteen  days  before  the 
■ignor.  who  ascended  from  the  Artillery  Grounds,  Moornelds, 
on  the  15th  of  the  following  September.  Lunardi  repeated  his 
ascents  in  various  parts  of  England  and  Scotland,  and  after- 
ward returned  to  Italy.  Monsieur  Blanchard  visited  England, 
after  Lunardi,  and  made  many  ascents,  and  in  company  with 
Pr.  JefTeriea,  on  a  clear  frosty  day,  the  7th  of  January,  1785, 
crossed  the  British  Channel  from  Dover,  and  landed  in  safety, 
after  a  dangerous  voyage  of  two  hours  and  a,  half,  on  the  con- 
fines of  a  forest  near  Calais.  This  aeronaut  made  thirty- 
eiic  voyages  fhrough  the  air,  nnd  gained  a  large  sum  of  money 
bv  them.      Monsieur  Oornerin.   another  distinguished   French 
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iaited  England,  ia  celebrated  for  haying  been 
the  first  person  who  BuccessfuUy  desoendfd  from  a  balloon  in  a 
parachute.  This  nmchine  consisted  of  Ihirty-two  gores  of 
white  canvas,  formed  like  an  umbrella,  of  twenty-three  feet  in 
diameter,  at  the  top  of  which  vas  a  round  piece  of  wood  of  tea 
inches  in  brendlh.  having  a  hole  in  its  centre  to  admit  short 
pieces  of  tape  to  fasten  it  to  the  gores  or  the  canvas;  about 
four  and  a  half  feet  below  the  top  was  a  hoop  of  eight  feet  in 
diameter,  affixed  by  a  string  from  each  Beam,  and  below  the 
hoop  the  car,  made  of  basket-work  covered  wilh  canvas,  was 
suspended.  The  parachute  is  bf  no  means  that  modern  inven- 
tion which  is  generallj'  supposed;  for  Father  Loubtre,  in  bis 
account  of  Siam,  publiebed  nearly  two  hundred  years  tince, 
describes  a  machine  of  the  same  kind  as  being  in  use  there  as 
a  means  of  descending  from  great  heights.  In  Europe  it  cer- 
tainly was  not  employed  for  that  purpose  till  the  ytar  1783, 
when  M.  le  Normand  proved  its  efficacy  by  letting  himself 
down  from  the  windows  of  a  lofty  house  in  the  city  of  Lyons. 
The  aeronaut  Blanchard  was  the  first  who  applied  it  to  the 
balloon,  and  after  trying  several  experiments  by  letting  down 
dogs  and  various  animals  from  diS'ercut  heights,  during  some 
of  his  excursions,  be  attempted  the  descent  himself  at  Basle, 
in  1T93;  but  through  some  mismanagement  the  parachute  did 
not  expand  fully,  and  the  traveller,  coming  to  the  ground  too 
rapidly,  had  the  misfortune  to  have  his  leg  broken.  Game- 
rin's  first  fluecessful  descant  was  on  the  2lBt  of  October,  1797, 
at  Paris,  and  on  the  21st  of  September,  1802,  he  made  hii 
third  trial  with  a  parachute,  the  first  time  such  a  machine  wus 
ever  used  in  England.  Various  aeronauts  have  since  endea- 
vored to  diminish  the  iulierent  perils  of  parachute  descents  by 
different  inventions,  but  without  success. 

On  the  24th  of  July,  1837,  Mr.  Cocking  made  an  ascent  from 
Vauxhall  Gardens  in  a  parachute  appended  to  Mr.  Green's 
balloon  :  this  paraohuCe  Was  of  a  shape  exactly  the  reverse  of 
Mr.  Gamerin's,  that  is,  ft  waB  like  an  umbrella  turned  upside 
down,  and  so  constructed  as  always  to  remain  expanded.  This 
shape  was  adopted  in  order  to  correct  two  great  defects  in  the 
old  fashion,  viz.,  its  oscillatory  motion  when  descending,  and 
the  time  whioh  frequently  clapped  ere  the  machine  fully  ex- 
panded to  its  umbrella-like  form;  but,  so  far  from  remedying, 
these  faults,  its  principles  were  perfectly  erroneouB,  and  when 
the  unfortunate  aeronant  detached  himself  from  the  balloon, 
the  strings  of  his  parachute  gave  way,  and  he  was  precipitated 
lo  the  earlh  and  killed  upon  the  spot. 

The  aerial  vnyaper  has  sometimes  opportunities  of  observing 
(ho  grandest  effects  in  the  clouds  which  it  is  possible  for  the 
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bnman  mind  to  contemplate.  The  rising  and  setting  of  tlia 
greater  and  lesser  lights  of  the  uDiveree  in  regions  too  remote 
for  him  to  penetrate,  the  forked  lightning  fl&siiing  its  unoHrlbljr 
blHxe,  and  the  tempestuous  clouds  beneath  his  feet,  rolling  in 
might;  maaees  m  &r  as  Uie  e;e  can  reach,  are  Eeen.  by  him  ia 
alt  their  magnificence ;  whilst  the  thousand  beauties  of  the 
panoramic  lien  stretched  below  him  in  all  the  brillianc;  of  a 
noontide  sun,  or  the  quiet  twilight  stealing  gently  over  the  face 
of  liie  earth,  receive  additional  charms  from  the  elevation  from 
which  they  are  viewed.  In  1786  Monsieur  Charles  beheld  a 
most  magical  spectacle  during  a  voyage  he  made;  for,  just  as 
the  sun  had  eet,  the  machine  in  which  he  was,  shot  upward! 
With  such  celerity  as  to  rise  nearly  two  miles  in  ten  minutes. 
At  this  height  he  saw  the  sun  again  in  its  full  glory,  and  from 
his  lofty  station  in  llie  heavens  be  once  more  contemplated  the 
parting  beams  of  Che  fading  luminary,  until  it  sunk  below  the 
horizon.  The  evening  mists,  gradually  rising  from  tlie  ground, 
collected  into  clouds,  and,  han^ng  in  dense  masses,  screened 
tho  eartrh  from  his  sight;  and  when  the  moon  rose  in  silent, 
msjesty,  and  poured  forth  her  mild  beams,  her  rajs  tinged  with 
various  hues  the  ever-changing  forms  of  the  accumulated  vapors 
which  floated  beneath  him.  A  voyage  performed  by  Monsieur 
Tester,  in  IT8S,  is  remarkable  for  the  various  events  which 
attended  it,  and  Is  deserving  of  a  slight  notioe.  After  having 
risen  to  the  height  of  two  thousand  eight  hundred  feet,  he  de- 
scended at  half-past  five  in  the  afternoon,  and  alighted  in  a 
eom-field  in  Montmorency,  where,  being  employed  in  gathering 
atones  for  ballast,  without  leaving  his  car,  he  was  sarronnded 
by  a  great  number  of  peasants.  The  proprietor  of  the  field, 
seeing  his  com  thns  trampled  npon,  iasisled  on  being  paid  for 
the  damage  his  visitor  had  occasioned,  and,  holding  fast  the 
balloon  by  the  stay,  proceeded,  assisted  by  the  peasants,  to 
parade  his  prisoner  through  the  village.  Tester  seized  the 
first  opportunity  to  out  the  cord,  and,  taking  an  unexpected 
leave  of  the  astonished  peasants,  rose  again  to  the  region  of 
the  clonds.  At  about  seven  o'clock  he  heard  the  blast  of  ^ 
horn,  and  descried  hantsmen  below  in  full  chase,  to  contem- 
plate which  scene  he  opened  the  valve,  and  descended  between 
Btuan  and  Varville.  He  was  again  collecting  soma  ballast, 
when  the  hnntsmen  galloped  up  to  him ;  and  for  the  third  time 
lie  rose  into  the  air,  passing  through  a  dense  body  of  clouds, 
where  thunder  and  lightning  followed  each  other  without  inter, 
mission.  The  balloon  reached  the  altitude  of  three  thousand 
feet,  and  in  this  region  the  intrepid  aeronaut  sailed  untU  half 
past  nine  o'clock,  when  he  observed  the  final  setting  of  the  sun, 
and  remained  enveloped  in  darkness,  amidst  a  mass  of  thunder- 
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douds  The  liglitning  flashed  on  all  sides,  the  loud  peaU  of 
thuiider  were  iucesBUnt,  and  snuw  and  aleet  fell  copiously 
around  him  for  the  space  of  three  koura ;  after  wliicb  period, 
to  bis  ioexpreiMible  pleasure,  Ihe  stars  showed  their  pnte  (ires. 
At  a  quarter  before  four  o'clock  he  made  bis  final  deBcenl, 
having  seen  tiie  first  graj  dawn  of  morning  and  rising  of  the 

The  most  memorable  Tojage  ever  attempted  was  that  per- 
formed by  Messrs.  Holland,  Monck  Mason,  and  Charles  Green, 
on  the  7th  of  November,  1S36.  The  balloon,  called  the  Royal 
Vauxball  Balloon,  was  of  stupendous  size,  being  aixt?  feet  in 
■height  and  fifty  in  breadth  ;  and  every  arrangement  was  made 
by  the  travellers  for  a  long  voyage,  in  the  shape  of  cloaka, 
carpet-bags,  lamps,  barometers,  wine-jars,  spirit-Sasks,  coffee, 
and  other  necessaries.  At  half-past  one  in  the  afternoon  the 
cords  were  cut,  and  the  mighty  vessel  rose  proudly  into  the 
air,  and  at  five  minutes  past  four  she  iieared  Ihe  city  of  Canter- 
bury, wrlien  the  travellers  indited  a  short  letter  to  the  mayor 
of  tbat  city,  and  despatched  it  by  a  small  parachute,  a  novel 
kind  of  post-conveyance.  At  forty-eight  minutes  after  four, 
the  waves  breaking  on  the  beach  gave  evidence  that  they  were 
near  the  British  Cbanael ;  and,  aa  they  proceeded  on  their 
quiet  way,  tlie  twilight,  deepening  into  murky  gloom,  hid  the 
Jfoglish  coast  from  their  view,  save  that,  through  gome  scat 
tered  lights  and  the  brilliant  glare  of  the  lighthouse,  they  were 
certain  that  Djver  was  yet  within  their  ken.  The  evening 
shades  had  fully  set  in  ere  they  gained  a  glirapee  of  the  Calais 
lights  ;  and,  there  being  no  moon  to  define  objects  by  the  soft 
touches  of  her  silvery  rays,  the  effect  was  one  of  great  gran- 
deur; and  when,  still  later  in  the  night,  when  it  waa  perfectly 
dark,  they  passed  over  the  city  of  Li^ge,  the  streets  and  houses 
marked  out  by  the  lights  in  them,  and  the  numerous  jires 
blazing  in  the  iron-works  in  the  neighborhood,  formed  a  piC' 
ture  of  consummate  beauty.  As  the  hours  rolled  on,  and  mid- 
night passed  silently  by,  the  heavens  assumed  a  depth  of  color 
rivalling  a  positive  black  in  intensity  of  tint,  from  out  of  wbicli 
the  stars  glittered  with  additional  lustre;  earthward  no  object 
was  to  be  seen,  the  weary  artisans  having  long  before  betaken 
themselves  to  their  repose.  Toward  five  o'clock  in  the  morn- 
ing the  dawn  gradually  broke,  and  disclosed  to  the  travellers 
the  mighty  river  Rhine,  which  seemed  to  lose  itself  in  the 
vapors  which  enshrouded  the  valleys  and  rested  upon  the  hilJs  ; 
and  as  the  brightness  of  the  light  increased,  the  stars  by  de- 
grees disappeared,  the  morning  star  being  the  last'  to  malic  its 
eitt.  At  a  quarter-past  six,  when  at  the  height  of  nearly 
twelve  thousand  feet  above  the  oarili,  the  first  sight  of  the  sun 
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,,.nt,  which  shodlj  after  took  pUoe,  again  brought  them  int* 
the  gloom  of  night,  the  bright  morning  beams  not  having  illu- 
mined the  lower  regions  of  the  air,  and  again  did  they  riae  and 
Bee  the  full  glory  of  the  rising  luminary.  Three  times  did  they 
thus  rise  aod  behold  the  sun,  and  twice  did  they,  by  descend- 
ing into  the  mists  and  vapors  which  dimmed  the  scenery,  lose 
sight  of  it  ere  it  appeared  fully  above  the  horiion.  Great  was 
the  pleasure  of  the  voyagers  when  they  perceived,  as  the  mists 
oleaced  away,  every  indication  of  a  well-peopled  country  and 
industrious  population;  and  they  made  all  possible  preparations 
for  descending,  when,  juat  as  tiey  wore  hastening  their  de- 
scent in  a  spot  well  suited  for  the  purpose,  the  wind  freshened, 
and,  before  the  grapnel  could  take  a  seonre  hold,  the  balloon 
was  hurried  toward  a  wooded  declivity.  To  throw  out  a  suffi- 
ciency of  ballast  to  carry  the  machine  over  that  danger  was 
the  only  remedy;  but  the  sand  used  as  ballast  was  found  to 
have  been  frozen  during  the  night  into  a  solid  mass,  conse- 
quently all  that  could  be  done  was  to  throw  a  aack  with  all  its 
contents  out  of  the  oar,  and  fifty-sis  pounds  of  sand  were  in- 
stantly dismissed.  The  balloon  immediately  sprang  up  and 
cleared  the  declivity,  and,  to  avoid  passing  by  another  spot 
suited  to  the  deaoeut,  the  valve  was  again  opened,  to  allow  a 
large  quantity  of  the  gas  i«  escape.  After  various  baffling 
occurrences,  on  reaching  the  edge  of  the  wood  the  valve  wns 

p  n  d  utinost  extent,  and,  Uie  grapnel  taking  hold  almost 

mm  after,  the  machine  came  to  the  ground  in  the  val- 

y  hbe  n,  two  leagues  from  Weilburg,  in  the  Duchy  of 
N  a  a  half-past  seven  in  the  morning,  after  a  voyage  of 
gh  h  urs'  duration,  in  which  time  it  had  passed  over  a 

g  ea  pa  five  kingdoms,  England,  France,  Belgium,  Prussian 
G  m  y  and  the  Duchy  of  Nassau.  The  travellers  were  most 
b    p     b       ntertained  at  Weilburg,  and  the  machine  was  re- 

h        ned  he  Vauxhall  Nassau  Balloon. 


The  air-balloon  should  be  made  of  taffeta  or  lutestring,  aud 
in  shape  similar  to  a  pear, — the  best  method  of  making  it  being 
by  joining  many  slips  together,  from  end  to  end:  if  you  take  a 
pear  and  divide  it  into  twelve  or  fourteen  slices,  one  of  tho-'O 
"s  the  beat  pattern  you  can  have  for  the  shape  of  the 
your  balloon. 
Having  cut  them  out,  each  piece  mast  be  prepared  r(li 
drying  oil,  which  you  may  make  yourself,  by  boiling  in  cv.-  v 
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pint  of  linaeed  oil  two  ounces  of  sugar  of  lend  and  three  ounces 
of  litharge,  for  about  halt  an  hour.  This  composition  is  Teiy 
drying,  and  you  may  then  apply  it  to  the  slips  of  your  balloon: 
after  which,  sew  them  togetber,  and  fell  the  seams.  That  the 
Btitohing  may  not  have  any  intersticea  for  tlie  eiicape  of  the 
gas,  you  muat  place  a  piece  of  brown  paper  beneath  each  seam, 
and  another  piece  aboie,  and  then  pasa  a  heated  poker  or  flat- 
iron  soTecal  tifljes  over  il,  by  which  meana  tbe  oil  will  bo 
Bofr.ened  and  the  seams  rendered  perfectly  air-tight.  Wlien  this 
process  is  completed,  you  muat  give  your  balloon  a  c.jat  of 
yarniah.  This  may  be  prepared  by  boiling  in  a  copper  or  iron 
gallon  aaucepan,  over  a  alow  charcoal  fire,  for  about  half  or 
three-quarters  of  an  hour,  a  pound  of  birdlime  and  half  a  pint 
of  the  drying  oil.  When  tie  birdlime  has  ceased  to  crackle, 
pour  in  two  pints  and  a  half  more  of  the  drying  oil,  and  let  the 
mixture  boil  an  hour  longer,  often  atirring  it  with  an  iron  or 
wooden  spoon.  You  must  be  cautious  not  to  let  the  Tarnish 
boil  over,  which  it  is  very  apt  to  do  when  nearly  ready,  taking 
the  saucepan  from  the  fire  aa  tlie  varnish  swells,  and  replacing 
it  when  its  bubbling  subsides;  and,  for  greater  caution,  it 
will  be  well  to  have  some  wet  clotha  at  hand  lo  clap  over  the 
vessel  in  case  the  contents  should  happen  to  boil  over  and  take 
fire.  To  asoerlain  whether  your  viirnish  is  ready,  rub  some 
between  two  knives;  if,  on  separating  them,  it  forms  threads, 
remove  tba  vessel  from  the  fire,  nnii,  when  nearly  cool,  add  to 
it  about  as  much  of  oil  of  turpentine  as  the  quantity  of  the 
mixture  within.  The  varnish  must  be  lukewarm  when  applied, 
and  the  balloon  stretched  out,  and  it  will  be  dry  in  twenty 
hours.  It  should  be  the  aim  of  the  aeronaut  to  make  his 
miniature  balloon  as  much  tike  a  rea!  one  as  poasiblc:  he  must 
make  a  net  to  the  shape  of  the  machine,  so  as  to  come  down  to 
about  the  middle  of  it,  and  from  thence  oorda  muat  depend  for 
the  purpose  of  sustaining  a  light  hoop,  which  should  hong  a 
little  below  the  balloon  itaell;  from  this  hoop  other  strings  must 
proceed  to  support  the  cnr,  which  niay  be  made  of  any  ligiit 
material  and  elegantly  paiiilBd, 

When  the  balloon  is  finished,  it  may  bo  filled  with  gas.  For 
this  intent,  put  into  a  glass  bottle,  or  jar,  a  pound  of  iron 
filings  and  two  quarts  of  water;  to  which  add  genlly,  and  by  a 
little  at  a  time,  one  pint  of  sulphuric  acid.  This  done,  alop  the 
bottle  or  jar  with  a  cork;  then  take  a  glass  tube,  introduce 
on?  end  of  it  into  the  bottle,  through  the  cork,  and  the  other 
ond  into  tbe  neck  of  the  balloon,  and  tlie  gas  resulting  from 
the  decomposition  of  the  water  will  pass  through  the  glass  tube 
into  tte  balloon.      When  this  is  full,  withdraw  the  tube,  and 
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tie  the  neck  of  the  balloon  very  tight.  If  iet  free,  it  will  ris* 
very  pjeasiugly. 

In  mafeing  a  fire-balloon,  you  roay  use  India,  Bank  post,  ot 
tissue  paper,  and  omit  entirely  the  drying  oil  and  varnish.  If, 
a^er  having  joined  nnd  pasted  tlie  seams  with  good  strong 
paste,  you  perceiva  any  interstice  or  hole,  paste  over  it  a  iittU 
pifce  of  paper,  and  let  it  dry  in  tie  open  air,  or  hy  the  fire, 
but  not  too  near  it.  A  wire  must  be  secured  round  tlie  neck 
of  the  balloon,  either  by  pasting  or  sewing  it,  and  another  put 
horizontally  across  if,  to  the  middle  of  which  a  piece  of  sponge 
dipped  in  spirit  of  wine  is  to  be  attached.  Half  a  gitl  of  the 
spirit  is  sufficient  to  make  the  balloon  rise.  After  you  have 
dipped  your  sponge,  set  tiro  to  what  spirit  remains  in  the  cup, 
holding  the  neck  of  the  balloon  over  it,  but  not  so  close  as  to 
endanger  its  safety.  When  you  think  it  is  BufSeiently  filled 
with  heated  air,  set  fire  to  the  sponge,  and  t)ie  machine  will 
briskly  ascend,  and  keep  afloat  so  long  as  the  spirit  continues 
burning. 

Very  small  balloons  may  be  made  of  goldbeaters'  skin,  by 
using  gum-arabio  to  join  the  seams  and  any  little  fissureswhieh 
may  be  in  the  malerial,  filling  them  with  gas  from  a  jar  or 
bottle,  an  before  described,  and  tying  the  mouths  of  the  little 
machines  wltli  a  piece  of  cotton,  to  prevent  the  escape  of  the 
gas:  SEiatI  cars  may  be  also  attached  to  them,  and  when  they 
are  let  off  in  a  room  they  will  rise  to  the  ceiling,  and  remain 
floating  in  the  air  for  some  time. 

At  the  shops  of  philosophical- instrument  makers,  in  baiaara, 
and  at  toy-shops,  a  very  pretty  balloon  made  of  tbe  maw  of  a 
turkey  can  be  purchased:  when  filled  with  hydrogen  gas,  in 
the  manner  described  for  air-balloons,  it  will  ascend  beauti- 
fully, on  account  of  its  eitreroe  lightness. 


Which  are  generally  the  first  things  a  juvenile  ai 
petrates,  may  be  made  in  two  ways:  the  first  and  si 
achieved  by  cutting  a  piece  of  tissue  paper  into  a  circular 
form,  putting  eight  or  twelve  pieces  of  thread  at  regular  dis- 
tances and  of  equal  lengths  to  it,  drawing  thera  all  up  evenly 
to  a  centre  and  knotting  them  together,  and  completing  the 
apparatus  by  alfiiing  a  cork  or  a  wisp  of  paper  to  the  end  of 
tbe  strings;  the  second  mode  of  parachute-making  is  mora 
complex,  and  must  be  done  on  a  principle  similar  to  that  we 
have  described  for  constructing  the  air-balloon,  but  cutting  the 
slips  of  silk  so  as  to  form,  when  united,  (he  segment  of  a  circle 
only ;  the  strings  must  of  coun<e  be  added,  and  brought  to  a 
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centre,  and  a.  piil-box-abaped  car,  pftinted  and  embellished  as 
tiialefully  as  the  genius  of  the  oonlriTer  will  ftllow,  suSpenJed 
from  the  aforesaid  centre. 


In  the  days  of  the  Directory  and  of  the  oonsvilale  of  Nn- 
poleon,  balloons  were  much  used  for  taking  obBcrrations. 
Bonaparte  intended  to  take  some  with  him  lo  Egypt,  but  the 
veaael  in  which  the  balloons  and  materials  were  stowed  awny 
woB  captured  by  Nelson's  fleet,  and  the  balloons  were  ex- 
hibited to  the  inhabitanta  of  Cairo  for  their  amusement,  and 
wore  not  employed  (as  was  intended)  to  the  disadvaataKe  of 
the  English.  "* 

The  Amerioans  haTe  done  little  in  ballooning.  One  wa* 
oonBtruoted  on  quite  a  different  principle  to  those  of  the  -'Old 
World."  It  bad  forty-seTen  bags  for  the  gas,  instead  of  one. 
The  American  tovanlt  proceeded  to  try  their  experiment  »ery 
oautiausly.  iirat  letting  the  balloon  up  alone,  then  a  man  in  it 
whilst  faatened  with  ropes.  At  last  a  carpenter  named  Wilcoi 
was  biibcd  to  ascend.  He  did  so,  but  soon  became  frightened, 
and  began  to  out  the  bags  nearest  to  him.  Wilcoi  out  five,  and, 
in  consequence  of  ripping  Ihetn  open  all  on  one  side,  the  bal- 
loon turned  over  and  came  (o  the  ground  very  fast,  dislocating 
his  wrist  only,  f«  the  great  surprise  of  the  spectators,  wlio 
fully  espected  that  the  carpetiter  was  killed  with  the  concussion. 

The  object  of  Napoleon's  balloon  was  partly  to  examine  (he 
surrounding  country,  and  also  lo  communicate  to  distant  parts 
by  signals ;  and,  should  war  unhappily  continue,  it  ia  quite 
possible  to  suppose  that  balloon-corps  may  be  attached  to  the 
Tarioua  European  armies,  although  the  monstrous  range  of  the 
Enfield  and  other  rifles  might  probably  make  personal  ascents 
for  observation  somewhat  perilous. 

One  of  the  moat  interesting  applloationa  propoeeii  for  bal- 
loons was  made  in  March,  1848,  by  Mr.  J,  Wallace,  of  Leilh, 
to  Sir  F,  Baring,  vii. :  to  make  a  enrvey  of  the  icy  regions  with 
the  help  of  a  captive  balloon,  which  was  to  have  been  sent  to 
the  greatest  possible  height  the  weight  of  the  cnrd  would  per- 
mit, in  order  that  the  person  seated  in  the  car  might  be  able, 
will]  the  help  of  a  telescope,  to  survey  a  larger  range  of  coun- 
try, with  the  hope  of  discovering  the  missing  expedition  of  the 
unfortunate  Sir  John  Frajiklin. 

For  many  reasons,  this  scheme  with  the  captive  balloon  (a  ^a 
JfapoUon)  was  abandoned,  and  one  substituted  for  it,  which 
Mr.  Shepherd  has  the  credit  of  having  first  offered  to  the  Ad- 
miralty. The  arrangement  consisted  of  a  number  of  printed 
Ji  Otis 
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packets  of  oilad  silk  or  paper,  upon  whioh  direct  ons  neta 
printed  stating  tiie  latitude  and  longiiude  of  [he  eiplonng 
ships,  where  they  were  going  to,  an  1  ihe  localities  at  which 
proviaiona  hud  been  left.  These  were  »lln.ched  al  proper  in 
terials  to  a  loiig  slow -matoh  made  of  rope  d  pped  m  nitie  and 
as  the  balloon  trayelled  over  the  country  the  match  burned 
gradually  away,  and  when  the  fire  reathed  the  patkela  they 
were  detached,  and  would,  by  the  action  of  the  winds  be  dia 
persed  over  a  large  space  of  groun  1 

About  the  same  time  Mr.  Darby  the  very  enimenl  pjrotech 
nist  of  Lambeth,  turned  his  attention  to  (he  samp  subject  and 
tonstiucted  some  very  iugenious  s  gnais  which  were  attached 
by  a  string  to  a 
hollow  fuse  and  as 
Ihis  burnt  away  the 
I  (ring  was  detacbed 

petird  sig 
nale  or  en  plosive 
shells  giving  a  re 
port  equal  to  a  eeven 
pounder  cannon  di 
reotly  they  touchel 
Ihe  ground  and  dis 
peraing  buiidreda  of 
litUe  njlic 


a.  bel 
lel  with  gienl 


of  directing  alt 
tion  by  B  und 
the  little  bills  c 
taming  the    deai 


■ed 


milling  party  of  5it 
John  Franklin     Mi 

DarbyB  land  and  water  signal  i  j)arby  aloo  con 
oi  Biiua-percui,  Mnuuning;  mo    ^^^^^^^^^^  ^     ^,^[1  j^^ 

r  pieces  ot  Btcput  cane,  with  corks  at    tr  hulor         attathed 

If  *  .,,,  ,.„,„  , ,.  „      „  to    h  S    hollow    fuse 

e,  witn  little  bunting  flag-  , ,         *    j  i 

capable    of   deliver 

me    hundred    thousand   bills    or    notioea    over   a   greit 

of  country;  likewise  a  "land  and  wuttr  signal     which 

imained   erect   whether   dropped   on   the   tea  or  terra  firmix 

he   whole  of  the  signals   were  tried  wilh  great   oaceeBS    and 

iree  of  the    "land  and  water  aiti  als      weie  p  eked  up  after 
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being  detached  from  n.  balloon  lannchcd  from  Vauihall.  One 
was  picked  up  at  HarHieh,  anotlier  at  Brighton,  and  a  third 
near  Crojdon  ;  the  last  was  discovered  by  a  poor  man,  who, 
fearful  of  something  eiploaiye,  did  not  open  it ;  but,  calling  in 
a  gentleman  who  resided  in  the  neighborhood,  the  shell  was 
cut  open,  and  a  polite  note  diacovered  requesting  tlie  finder  to 
state  where  the  signal  had  fallen,  and  t«  address  a  letter  lo 
Mr.  Darby,  at  Vauxhall  Oardene. 


fig.  97.— Flj^Bg  AUcliinc  {IhsarOical). 


,y  Google 


ARITUMETIC. 


ARITHMETIC. 

Thb  science  of  ^ 
the  earliest  jayentious. 
Egyptians  may  lay  clsii 
Ht  other  authors  ascribe  it  to  the  Phceniciaiis.  The  Phceni- 
t\B.a  Bjsicm  was  perfected  by  the  Grecian  aatronomers,  and 
transmitted  by  tbem  lo  Iha  Komans,  who,  howcvM-,  invented  a 
^sh  one  instead  ;  but  botjt  sji^tema  merely  combined  the  dif- 
ferent diylBiona  of  numbers,  and  went  no  further.  Counters, 
to  assist  in  reckoning,  are,  without  doubt,  as  old  as  Ihe  science 
of  Arithmetic  itiieif,  as  we  find  that  the  Egyptians  used  stones 
for  that  purpose,  and  in  calculating  by  their  aid  placed  them 
from  left  to  right.  The  Qreeks  likewise  employed  stoneis,  flat, 
rounded,  and  polished,  and  they  sometimes  signified  a  iarge 
number,  and  sometimes  a  small:  when  counting  np,  the 
GreeliB  ranged  their  connters  the  reverse  way  to  that  of  the 
Egyptians,  putting  them  A-om  right  to  left. 

The  Roma.ns  denominated  their  counters  calculi,  and  when 
luxury  tauglit  tbem  to  in 

use,  they  then  made  th  rs  g 

enamel  and  ornamente  R  m 

also  used  the  abacus  as  m 

ment  consisted  of  a  wo  rs 

which   there   were   tw  g 

beads,   which  could  be  m 

using  it  was  to  consid 

decimal,  adding  being  rm  g 

by  separatjon,  as  migh  B 

and  the  primitive  mode  Tt  m 

plan  of   keeping  accou  y 

upon  imaginary  money :  i     ' 

TVia,  lesterliariua,  and  deni 

or  table  for  etch. 
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From  the  accounts  remaining  of  tlie  RomsD  metlioil  of 
Aritlimetio,  their  rules  were  pErplexing  ami  incongruous, 
and  the  science  made  but  liule  adTttncement  under  iheir  man- 
age meat. 

Numeral  oharaeters  seem  to  have  preceded  letters,  and  the 


figures  we  call  Koiiuin  char 
the  earliest  allcmpts  at  a  system  of  notation,  a  surmise  fauuded 
on  -the  aimplicity  of  Iheir  forms,  which  ure,  in  fact,  only  a 
combination  oi  straight  strokes  drawn  either  perpendionlarly, 
horiiontally.  or  trnnsYersely ;  and.  indeed,  the  figures  repre- 
senting a  hun  Ired,  and  live  hundred,  C,  D,  which  are  now 
circular,  were  originally  composed  of  three  straight  lines  com- 
bined thua,  [  .  ].  With  these  rude  symbols  the  Grecian  phi- 
losophers performed  their  anthnketicikl  calculations  and  esra 
hliahed  a  system  to  which  Archimedes  and  other  men  of  most 
transcendent  abilities  contributed  Two  species  of  numerical 
characters  seem  to  have  enisled  ^om  the  hrst  the  dsamal 
mentioaed  by  Pliny  Qu  ntilian  &o  which  took  its  origin 
from  the  plan  of  finger  counting  con&isted  of  the  numbers 
counted  up  to  ten  — and  (he  duadecimnl  or  numbers  reckoned 
to  twelve.  The  former  wis  ommon  with  the  Anglo  Saxona 
and  the  latter  with  the  Northern  natiuni  and  from  this  last 
alao  we  derive  our  hiile  hundred   great  hundred    dozens   and 

Arithmetic  was  studied  as  a  science  by  the  Anglo  Saxons  for 
Aldhelm,  Bishop  of  Sherborne  who  flounsheil  m  the  seventh 
century,  wrote  a  tract  De  inlhme)  en  and  at  a  later  period 
Hugh,  the  Lincoln  saint  lectured  upon  it  at  Oxford  The 
want  of  numerals  better  adapted  fir  complicated  accounts  than 
the  llomm  rendered  summ  ng  a  niiserahle  taak.  and  the  usa 
of  counters  indispensable,  until  the  fourteenth  century,  when 
the  characters  known  by  the  name  of  the  Arabic  numerals  were 
introduced  into  Europe.  The  Arabs  were  not  inventors  of  the 
system,  bat  were  indebted  for  it  to  the  nativea  of  India,  thoi^h 
at  Vhat  period  tliey  acquired  it  is  extremely  doubtful,  neither 
can  WB  determine  whether  the  Indians  themselves  invented  or 
received  it  from  some  other  nation  ;  yet  from  their  own  asser- 
tioaa  it  would  seem  that  the  honor  ia  due  to  them  ;  for,  accord- 
ing to  Alaephaide,  a  learned  Arabian  doctor,  they  boast  of 
three  difTerent  inventions. — the  composition  of  Pilpay's  fables, 
the  game  of  chess,  and  the  nine  digital  characters.  The  forms 
of  the  ciphers  were  not  fully  aettled  till  after  the  year  1531 ; 
and  perhaps  no  characters  were  ever  planned  more  adapteil 
for  the  various  uses  to  which  they  are  applied  than  the  Arabic 
numerals,  though  we  doubt  not  that  some  few  of  our  readers 
M*  5t)7 
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[  their  hearts  that  they  t 


Take  as  many  nines  as  there  are  figures  in  the  smaller  num- 
ber, and  subtract  from  ihem  the  aniouut  of  the  number.  Re- 
quest Bome  one  to  add  the  difference  to  the  larger  number,  to 
take  awaj  the  first  figure  of  the  total,  and  add  it  to  the  last 
one,  and  the  sum  then  produced  will  be  the  difference  between 
the  two  numbers. 

For  einmple :— John,  who  is  22.  tells  George,  who  is  some 

{ears  older,  that  he  can  find  out  the  difference  in  their  ages: 
e  therefore  deducts  in  his  mind  22  from  99,  aud  the  differenoe, 
77.  he  tella  George  to  add  to  hia  own  age;  to  take  away  the 
first  figure  from  the  sum  eo  obtaiiied,  and  to  add  it  to  the  last 
figure ;  the  last  amount  gained  being  the  difference  between 
their  respectWe  ages. 

Thus,  the  difference  between  John's  age  and  99  is 77 

To  which  George  adding  his  age 85 

produjes  a  total  of, 112 

From  which  if  we  take  away  the  first  figure  1,  and  add 

it  to  tie  last  figure  2,  the  product  is 13 

Which  if  added  to  John's  age 22 

exactly  gives  that  of  George 36 


Three  countrywomen  went  to  market  with  eggs:  the  first 
had  50  to  dispose  of.  the  second  30.  and  the  third  no  more  than 
10.  All  three  sold  out  at  the  same  rate,  and  each  made  the 
tame  quantity  of  money  of  her  eggs.  How  were  they  sold  ^ 
Upon  coming  to  market,  they  found  that  eggs  were  selling  at 
BCTen  a  penny  at  which  rate  the  first  woman  sold  49,  and 
received  seven  pence;  the  second  sold  28,  and  of  course  re- 
ceived four  pence  and  the  third  woman  sold  only  a  single 
pennj  worth  so  that  she  had  three  eggs  remaining,  whilst  her 
companjons  had  but  one  and  two  respectively.  In  the  course 
of  the  day  the  demand  greatly  increasing,  she  advanced  her 
price  to  three  pence  per  egg,  at  which  rate  she  sold  the  re- 
mainder of  her  stock  and  received  ninepence  for  it. 

Her  tcmpanmn"    following  her  eiample,  sold  off  theirs  also 
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at  the  same  price,  bo  tliat  tliey  each  realized  the  sum  of  ti 

lat  woman  for  49  eggs  reeeired ; 

and  for  one  egg ( 

!C 
and  for  2  egga ( 


Suppose,  foe  example,  that  the  number  named  is  72,867i 
desire  the  person  naming  it  to  place  the  number  7  between  any 
two  figures  of  that  aum,  and  it  will  be  divisible  tiy  9;  for  if 
any  number  is  multiplied  by  nine,  then  the  sum  of  Ihe  figures 
of  the  product  will  either  be  nine,  or  else  the  number  which 
is  diTisible  by  it. 


It  a  hundred  atones  are  placed  in  a  straight  line,  a  yard 
dielant  from  each  other,  how  many  yards  must  a  person  walk 
who  undertakes  to  pick  them^Wp  one  by  one,  and  put  them 
in!o  abaaXet,  placed  also  a  jard  from  the  first  stone?  It  i» 
clear  that  to  pick  up  the  first  stone  and  put  it  into  the  basket 
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tile  pereon  must  walk  tno  j^rda,  one  in  going  for  the  elone, 
and  the  other  in  returning  with  it ;  tliat  for  the  second  Btone 
he  must  walk  four  yards;  and  so  on,  increasing  bj  two,  as  far 
as  the  hundredth,  when  he  must,  of  neoessitj,  wallt  two  hun- 
dred yards :  so  that  tlie  sum  (olal  will  ba  Ibe  product  of  two 
hundred  and  two   muliiplied  hj  fifty,  or  10,100  jarda,  which 


0  more  than  five  ni 


■,a  and  a  half. 


A  ma^c  equare  is  a  square  figure  formed  of  a  series  of  num- 
bers in  mathematical  proportion,  so  arranged  in  parallel  and 
equal  ranks  as  that  the  sums  of  each  row,  whether  taken  per- 
pendicularly, horiiOQlally,  or  diagonally,  are  exactly  equal. 

The  seceral  numbers  which  make  any  square  number  (for 
instance,  1,  2,  S,  4,  5.  &c.,  to  2S  inclusive,  which  compose  the 
square  number  25)  being  arranged  one  after  the  other  in  a 
square  figure  of  2t>  cells,  each  oae  in  its  cell,  if  you,  alter  the 
order  of  these  numbers,  and  put  Ihem  in  such  a  manner  that 
the  five  numbers  which  iill  a  perpendicular  rank  of  cells  being 
added  together  shall  make  the  eame  number  with  the  five 
numbers  in  any  other  rank,  whether  horizontal  or  Tertical.  or 
with  the  five  in  each  of  the  two  diagonal  rows,  tlien  the  square 
!o  formed  is  called  a  magic  square,  in  opposition  to  the  former 
arrangement,  which  is  called  a  natural  square. 


1 

2 

3 

4 

5 

P 

11 

24 

7 

20 

3 

• 

7 

8 

9 

10 

4 

12 

25 
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16 

11 

16 

12 

17 
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14 

15 

17 
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13 

21 
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19 

20 

10 

18 
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14 

22 

21 

22 

23 

24 

25 

23 

« 

1. 

^ 

15 

U 

U 

U 

D 

Any  five  of  the  s 


I  the 


magic  squa 


right 


Bill  be  observed  that  the  five  number 
in  tbe  diagonals  A  D  and  B  C  qf  the  magical  square  answer  to 
the  ranks  E  to  F  and  G  lo  H  i»<he  natural  square,  and  that  13 
is  the  centre  number  of  both  squares. 

To  form  a  magic  square,  first  transpose  the  two  ranks  in  the 
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natural  square  to  tfte  diagonals  of  the  niagio  square;  then  put 
tlio  number  1  under  the  central  number  1 J,  and  the  number  2 
in  the  next  diagonal,  donnwards.  The  number  3  should  be 
placed  in  tiie  same  diagonal  line ;  but,  as  there  is  no  room  iu 
the  square,  you  are  to  place  it  in  that  part  it  would  occupy 
were  another  square  placed  ander  it.  For  the  same  reasoD,  the 
number  4,  by  following  the  diagonal  direction,  falling  out  of 
the  square,  it  is  to  be  put  into  the  part  it  would  hold  in  another 
square  ranged  by  the  aide  of  this.  You  next  proceed  to  num- 
bers 6  and  6,  still  descending  but,  aa  the  square  in  which  6 
should  be  put  is  already  filled,  j  ou  mtiit  then  go  back  to  the 
diagonal,  and  consequently  place  the  6  in  the  second  place 
under  the  6,  SO  that  there  may  remain  an  empty  square  be- 
tween the  two  numbers.  The  same  rule  la  to  be  observed 
whenever  you  find  a  square  already  tilled 

You  proceed  in  this  manner  lo  bll  all  the  empty  squares  in 
the  angle,  where  the  15  is  put  and  as  there  la  no  «pate  for  the 
IS  in  the  same  diagonal,  descending,  you  must  place  it  in  the 
part  it  would  hold  in  another  square,  and  continue  the  same 
plan  till  all  the  squares  are  filled.  This  method  will  aerve  for 
all  sorts  of  arithmetical  professions  composed  of  odd  numbers; 
even  numbers  being  too  complicated  to  afford  any  ai ' 


A  horse-dealer,  wishing  to  diaposo  of  a  horse  at  as  high  » 
price  aa  he  could,  induced  a  gentleman  who  admired  it  to  be- 
come the  purchaser,  by  offering  to  let  him  have  the  animal 
for  the  value  of  the  twenty-fourth  nail  in  his  shoes,  reckon- 
ing  one  farthing  for  the  first  nail,  two  for  the  second,  four  for 
the  third,  and  ao  on,  to  the  twenty -fourth.  The  gentleman, 
thinking  it  a  bargain,  gladly  accepted  the  offer;  the  value  of  the 
horse  was  therefore  necessarily  great.  By  calculation,  the 
twenty-fourth  term  of  (he  progression,  1,  2,  4,  8,  &c.,  will  be 
found  to  be  8,888,608,  equal  to  the  number  ot  farthings  the 
purchaser  gave  for  the  horse  r  the  price  consequently  amounted 
lo  £8738  2..  6d 


AND    AN   CNBVBN   NUMHEB   IN   THE    OTHER,  TO   TELl   IN   WIIIOU 

Bequest  the  person  to  multiply  the  number  in  his  right  hand 
by  an  odd  tigure,  and  the  number  in  his  left  by  an  even  one, 
niid  let  you  know  whether,  when  the  products  are  added  toge- 
ther, they  produce  an  odd  or  even  sum.     If  odd,  then  the  even 
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, number  is  In  the  left  hand,  and  if  cTen,  the  even 
the  right.     As  for  instance : 
Thenumberin  therigbthatid      In  the  left  hand,  < 


ind  the  total  la  57 

The  number   in    the  right        In  the  left  hand,  odd  7 

hand  being  eom  -      18  Multiply  it  by  2 

Multiply  it  by  8  — 

—  Product  11 

Product  64 
Add  tlie  product  of  the  left 
hand  14 

and  the  total  ia  68 


A  countrywoman  carrying  egga  to  a  garriaoo,  where  she  h«d 
three  guards  to  pass,  sold  to  the  lirst  guard  half  the  number 
she  had,  and  half  an  egg  more ;  to  the  second,  the  half  of  what 
remained,  and  half  an  egg  besides;  and  to  the  third  guard 
she  sold  the  half  of  the  remainder,  and  half  another  egg.  When 
she  arrived  at  the  market- place,  she  had  three  dozen  still  to 
sell.-  How  was  this  possible  without  breaking  any  of  Ihe  eggs? 
It  would  seem  at  the  first  view  that  this  is  impossible;  for  how 
con  half  an  egg  be  sold  without  brcalcing  any  of  the  eggs? 
The  possibility  of  this  seeming  impossibiiity  mill  be  evident 
when  it  is  oonsidered  that  by  taking  the  greater  half  of  an  odd 
number  we  take  the  exact  h»,lf-|-  J.  When  the  countrywoman 
passed  the  first  guard,  she  hod  295  eggs;  by  selling  (o  that 
guard  148,  which  is  the  half  +  J,  she  had  147  remaining;  to 
tbe  second  guard  she  disposed  of  74,  which  is  the  m^or  half 
of  147;  and,  of  course,  after  selling  37  but  of  73  to  the  last 
guard,  she  had  still  three  di 


Request  a  person  to  think  of  a  number,  nnd,  when  he  has 
lione  so,  to  triple  it,  and  to  take  the  exact  half  of  the  triple  if 
[t  be  even,  or  the  greater  half  if  it  be  odd.  Next  desire  him 
lo  triple  that  half,  and  ask  him  how  many  (imea  it  will  oontMn 
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nine,  for  the  number  thought  of  will  be  the  double  of  the  num- 
ber of  nines,  aod  one  more,  if  it  he  odd.  Thus:  suppose  thiit  5 19 
the  number  thought  of,  its  triple  ia  15,  which  cannot  be  divided 
b;  two  without  &  remainder.  The  greater  balf  of  15  ia  8,  and 
if  this  is  multiplied  by  3  we  shall  bave  24,  which  oontAins  two 
nines:  the  number  thought  of  will  therefore  be  twice  the  num- 
ber of  nines,  with  one  added,  as  before  mentioned,  for  an  un- 
even number,  or  1  -f-  1,  that  is,  5. 


When  the  person  has  thought  of  a  number,  tell  him  to  double 
it,  then  to  add  four  lo  it,  to  multiply  the  whole  by  five,  and  to 
the  product  add  twelve,  and  nfterward  multipl;  the  total  by 
ten.  From  the  sum  thus  produced,  bid  him  deduct  320,  and 
inform  you  what  ia  the  remaindiir,  which,  if  you  take  away  the 
two  la«t  figures  from  it,  will  give  you  the  number  he  thought 
of     Thus  :— 

Suppose  the  number  selected  is 7 

The  double  of  that  is  14 

Which  with  the  addition  of  i  ia 13 

And  that  multiplied  by  Sis 90 

To  which  la  added  producea 102 

Which  multiplied  by  10  is 1020 

From  which,  hy  deducting  320,  there  remains     700 
And  which,  by  taking  anay  the  two  ciphers, 
is  reduced  to  the  number  thought  of 7 


If  either  of  the  numbers  thought  of  do  not  exceed  nine,  they 
maybe  found  as  follows; — Make  tlie  person  add  1  (0  the  double 
of  llie  fir^t  number  thought  of,  and  then  request  him  to  multi- 
ply the  whole  by  5,  and  then  add  to  the  product  (he  second 
number.  Should  there  he  a  third  number,  make  him  double 
the  first  aum,  and  add  1  to  it ;  requeat  him  then  to  mulliply  the 
whole  by  5,  and  to  add  the  third  number  to  it.  If  there  is  a 
fourth  number,  you,  of  course,  proceed  in  the  same  way,  re- 
questing him  to  double  the  preceding  sum,  to  add  1  (0  it,  then 
to  multiply  it  by  5,  and  thereto  add  the  fourth  number,  and  so 
on.  You  must  neit  ask  the  number  arising  IVom  the  addition 
of  the  last  number  thought  of,  and,  if  there  were  two  numbers, 
subtract  5  from  it ;  if  three,  55 ;  and  if  four,  655,  and  so  on ; 
for  the  remainder  will  always  be  composed  of  figures,  of  which 
the  first  on   the  left   hand  is  the  first  number   thouirht.  of,  Ilia 
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Beit  tbe  flccond,  and  so  on  of  the  rest.  Suppose,  for  instance, 
(lie  numbers  thougliL  of  are  3,  4,  6,  by  ndding  1  to  6,  whicli  id 
the  double  of  the  lirst  number,  we  bare  7,  which  being  multi- 
plied by  5,  gives  33;  if  4,  the  second  number  thought  of,  is  then 
lidded,  we  shall  have  39,  which  doubled  giyes  78,  and  if  we  add 
one,  and  multiply  79  by  5,  the  result  will  be  895.  Finally,  if 
we  add  6,  the  third  number  thought  of,  the  sum  total  will  be 
401,  und  if  we  deduct  55  from  it,  we  shall  have  for  the  re- 
mainder 346;  the  ligiires  of  which,  3,  4,  6,  are  the  three  num- 
bers tho'ight  of  in  tiieir  correct  order. 


Peremptorily  command  such  numbors  only  as  are  divisible  by 
«,  as,  for  instance,  36,  63, 1 17,  126,  162,  ke.  Then  allow  a  per- 
son to  choose  any  two  of  these  numbers ;  and  after  adding  them 
together,  in  bis  mind,  to  striXe  out  from  tbe  total  any  one  of 
Lbe  figures  he  pleases.  Wlien  he  has  done  this,  desire  him  to 
tell  you  tbe  sum  of  the  figures,  and  it  follows  that  the  Bum  ber  you 
are  obliged  to  add  to  tbis  amount,  in  order  to  make  it  9  or  18, 
is  the  one  he  struck  out.  For  example,  he  chooses  the  num- 
bers 126  and  252,  whose  aggregate  sum  is  378.  Then,df  he 
strikes  out  the  7  from  this  amount,  tlie  remaining  figures,  3  and 
8,  will  make  11,  to  which  must  be  added  T  to  make  18;  but  if 
he  strikes  out  the  3,  the  sum  of  the  remaining  figures,  7  and  8, 
will  be  16,  add  to  which  3,  to  make  18 ;  and  so  on,  in  like  man- 
ner, for  the  8. 


This  problem  may  be  solved  through  the  means  of  the  geo- 
metrical progression  1,  3,  9,  27,  &c.,  the  peculiar  property  of 
which  is,  that  the  last  number  is  twice.the  sum  of  alt  the  rest, 
and  one  more;  so  that,  tie  number  of  pounds  being  40,  which 
is  likewise  tbe  amount  of  I,  3,  9,  27,  these  four  weights  will 
answer  the  purpose.  For  example,  if  it  be  necessary  to  weigh 
elevQU  pounds  by  these  weights,  the  three  iad  the  nine  pound 
weights  must  be  put  into  the  one  scale,  and  tbe  one  pound 
weight  into  the  other;  therefore,  any  substance  put  into  this  last 
scale,  with  the  one  pound  weight,  and  it  remains  in  equipoise 
with  tbe  other  scale,  it  must  consequently  weigh  eleven  pounds. 
Again,  if  a  weight  of  fourteen  pounds  is  required,  the  one,  the 
three,  and  the  nine  pounds  weights  should  be  put  into  one  of 
tbe  scales,  and  the  twenty-seven  pounds  weight  into  the  other, 
674 


,y  Google 


ARITHMETIC. 


10 

92 

93 

7 

5 

96 

4 

08 

99 

1 

11 

19 

18 

84 

86 

86 

87 

13 

12 

90 

71 

29 

28 

77 

76 

75 

24 

80 

70 

62 

63 

37 

36 

36 

84 

68 

69 

31 

41 

52 

58 

44 

46 

46 

47 

58 

59 

60 

51 

42 

43 

54 

56 

55 

57 

48 

49 

50 

40 

82 

67 

65 

66 

64 

88 

61 

30 

79 

73 

27 

26 

25 

74 

73 

21 

81 

89 

88 

14 

15 

16 

17 

88 

82 

20 

100 

9 

8 

94 

95 

6 

97 

3 

2 

91 

iaeh  of  these  ten  oolumne,  when  added  up,  makes  605. 

'IND     HOW     MANV     SQUABB     YARDS     IT     WOt 


the  changes  of  the  twentj-four  letters  will  be  found  to  lie 

62, 044,840,1 75,828,943,936,000. 

Now,  as  there  are  1296  inches  in  a  sqnare  yard,  if  we  multifly 

(hat  number  by  100,  we  sball  obtain  129,600,  which  is  ths 

number  of  letters  each  square  yard  will  contain ;  if  we  after- 
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wards  divide  tliB  above  row  of  figures — the  number  of  changes 
—by  the  129,600,  tlie  quotient,  which  will  be  478,741,060,720.- 
092,lDlf,  19  the  number  of  ^ards  required  to  contain  the  before 
stated  number  of  changes.  But,  as  all  the  twenty-four  letters 
are  contaijied  in  every  permutation,  iJie  space  must  necessarily 
be  twenty-four  times  as  large,  viz. 

11,849,785,210,282,211,840. 

As  the  Bucfaee  of  the  whole  earth  contains  but  617,107, 435,- 
008,000  square  yards,  it  would  consequently  require,  to  make 
a  space  of  sufficient  dimenaiona  to  contain  all  the  changes  of 
which  the  alphabet  is  susceptible,  a  surface  18,620  times  larger 
than  that  of  the  globe. 


How  oan  the  number  45  be  divided  inlo  four  such  parts  that 
if  you  add  two  to  the  first  part,  subtract  two  from  the  second 
part,  multiply  the  third  part  by  two,  and  divide  the  fourth  part 
by  two,  the  total  of  the  addition,  the  remainder  of  the  subtrac- 
tion, the  product  of  the  multiplicalion,  and  the  quotient  of  Ihe 
division,  are  all  equal  ?     The  four  parts  are  as  follows : 

The  first      ia     8,  to  which  2  being  added  malt ea 10 

The  second  is  12.  from  which  2  being  subtracted  leaves  10 
The  'bird  is  5,  which  being  multiplied  by  2  produces  10 
The  fourth  ia  20,  which,  divided  by  2,  the  quotient  ia..  10 


A  man  purchased  ninety-six  apples  at  (he  rate  of  three  a 
penny,  and  likewise  the  same  number  at  two  a  penny ;  he  aoM 
them  again  at  five  for  two  pence:  did  he  gain  or  lose!  He 
lost,  for  as  the  ninety-sin  apples  at  three  a  penny  cost  him  2*. 
S(i.  and  the  ninety-sis  at  two  a  penny  4«.,  (he  sum  he  laid  out 
was  68.  8rf.  for  the  one  hundred  and  ninety-two  apples.  Now, 
after  he  sold  (hirty-eight  two -penny  worths,  for  which  he  re- 
ceived 6«.  id.,  he  had  but  two  apples  remaining,  and  therefore 
he  lost  a  fraction  above  3Ji. 


Tell  me,  illustrious  Pythagoras,  how  many  pupils  rficeive 
instruction  from  thy  lips  ?  Nay,  said  the  philosopher,  com- 
pute the  number  thyself;  one-haif  of  my  pupils  study  mathe- 
matics,   one-fourth    natural    philoaophy,    one-seventh    observa 
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stieuce,  and  besides  those  I  hare  three  female  pupils.  The 
qnestion  is  to  find  out  a  number,  the  one-hulf,  one-fourth,  and 
one-seventh  of  which,  -f-  3,  shall  be  equal  to  that  number. 
The  number  required  ia  2S. 


Four  partners  engage  to  trade  in  oompanj.  Smith's  stock  is 
£150;  Brown's  stock  is  £820 ;  Collins's  stock  is  X350,  awi 
Jenkins's  stock  is  X500;  with  their  money  they  buy  indigo," 
md  gain  £730.  How  much  belongs  to  each,  if  the  profit  be 
UTided  in  proportion  to  their  respeetive  stocks? 


Smith's  stock  100  1320 

Brown's     "  320  1320 

Collins's    "  350  1820 

Jenkins's  "  600  1820 


Smith 82  19 

Brown 176  19 

Collins 198  11 

JenHn» 276  10 


If  100  men  make  three  miles  of  road  in  twoncy-seveu  day», 
n  how  many  days  will  150  men  make  five  miles  ! 
Men     150    ;     100     : :     27  days. 
Miles      3  5 
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rnorning,  and  walka  at  the  rate  of  three  miles  an  hotir  without 
uttermiEsion,  OJid  Ned  Beta  out  from  Loudon  at  four  o'clock  the 
same  eTBoing,  and  walks  for  WolyerhaQiplon  at  the  rate  of 
four  miles  an  hour  constantly.  Now,  supposing  the  diataace 
between  the  two  places  to  be  130  miles,  and  supposing  the 
toys  capable  of  continuing  their  journeys,  whereabouts  on  the 
road  will  they  meet? 

Answer — C9f  miles  from  Wolverhamplon. 


The  person  seetiug  to  ascertain  this  fact  must  place  himself 
ut  tte  tig^  of  one  bank  of  the  river  and  lower  the  brim  of  his 
V.^  or  peak  of  his  cap,  till  he  Jinds  the  edge  just  cuts  the  other 
ban%,'  then,  after  placing  the  hand  under  the  chin,  he  must 
turn  round  steadily  till  he  faces  some  level  ground  on  his  own 
side  of  the  river,  and  obserre  when  tlie  edge  of  the  peak  again 
meets  the  ground :  the  measure  of  this  distance  will  be  very 
neatly  the  breadth  of  the  river. 


How  many  dinners  would  be  necessary  for  a  club  of  seven 
persons  who  had  agreed  to  dine  with  each  other  as  long  as 
(hey  could  be  differently  arranged  when  Ihey  sat  down  lo 
table: 

The  number  of  dinners  is  5040,  and  thirteen  years  and  more 
than  nine  months  would  be  the  space  of  time  in  which  the  club 
would  eat  the  dinners. 

How  much  mahogany  would  he  required  lo  produce  sisly- 
four  S-inch  cubes  1 

The  quantity  is  a  12-inch  cube. 

According  to  Vitruviua,  Iliero's  crown  weighed  20  lbs,,  nn^l 
lost  IJ,  lb,  (nearly)  in  watcF, 

Suppose  it  consisted  of  gold  and  silver  only,  and  thai  19,ui 
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ARITHMETIC, 


lbs.  gold  lost  1  lb.  in  water  and  that  lO.Glbs.  of  silver  lose  1  lb.; 
find  the  actual  quantity  of  gold  in  King  Hiero's  crown,  and 
also  the  weight  of  tiie  silver  wiih  which  it  was  adulterated. 


^  immediately  have — 


And,  aolving  this  equation,  we  have- 

Answer.— 1  =  14.7711)3.  of  gold  inerown, 
»nd20~z=   5.22  Iba.  of  silver  in  do 
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